
u
i

g
u
c
c
m
c
.
l
o
g
 
,
 
i
.
e
.
 
0
.
0
1
,
1
5
 
a
r
e
 
m
a
n
e
 
v
i
t
a
 
t
h
e
 
h
e
l
p
 
o
f
 
t
h
e
 
c
o
m
p
u
t
e
r

t
o
 
d
i
s
t
r
i
b
u
t
e
 
-
a
n
d
 
m
o
n
i
t
o
r
 
t
h
e
 
t
e
a
c
h
i
n
g

m
a
t
e
r
i
a
l
s
,
 
p
r
e
m
i
s
e
s
 
a
n
d

e
q
u
i
p
m
e
n
t
 
u
s
e
d
 
i
n
 
t
h
e
 
s
c
h
o
o
l
 
s
y
s
t
e
m
,
 
w
h
i
c
h
 
a
r
e
 
o
f
t
e
n

p
o
o
l
e
d

(
M
e
r
r
i
l
)
.

o
t
h
e
r
 
f
o
r
m
s
 
o
f
 
i
n
d
i
v
i
d
u
a
l
i
z
i
n
g
 
m
a
t
e
r
i
a
l
 
t
h
a
n

the-printed
-
v
a
r
i
e
t
y
.

-

'
a
b
i
l
i
t
r
o
f
 
a
 
t
e
a
C
h
e
r
i
.

i
n
o
i
h
e
r
:
s
i
m
i
l
a
t
i
O
n
;
e
x
P
e
r
i
m
e
n
t
:
i

U
n
i
v
e
r
s
i
t
y
-
o
f
M
i
c
h
i
g
a
n
,
 
-
w
h
e
r
e
 
c
o
m
p
u
t
e
r
 
-
b
a
s
e
d
 
-
S
i
m
u
l
a
t
i
o
n

!
m
o
d
e
l
s

W
e

-
M

any_O
T

25

D
r
 
R
i
c
h
a
r
d
 
B
.
 
O
t
t
e
,
 
R
e
s
e
a
r
c
h
 
A
s
s
o
c
i
a
t
e
,
 
U
S
 
O
f
f
i
c
e
 
o
f
E
d
u
c
a
t
i
o
n
,

W
a
s
h
i
n
g
t
o
n

A
 
g
r
o
u
p
 
a
t
 
M
I
T
R
E
,
 
a
 
f
i
r
m
 
o
r
i
g
i
n
a
l
l
y
 
s
e
t
u
p
 
b
y
 
a
 
n
u
m
b
e
r
 
o
f
 
M
.
I
.
T
.

r
e
s
e
a
r
c
h
e
r
s
,
 
h
a
s
 
d
e
v
e
l
o
p
e
d
 
a
 
p
r
o
t
o
t
y
p
e
 
d
a
t
a
 
c
o
n
f
i
g
u
r
a
t
i
o
n

c
o
n
s
i
s
t
i
n
g
 
o
f
 
t
e
r
m
i
n
a
l
s
 
w
i
t
h
 
a
m
o
n
g
 
o
t
h
e
r
 
t
h
i
n
g
s
 
a
n
 
o
r
d
i
n
a
r
y

T
V
 
r
e
c
e
i
v
e
r
.
 
C
o
m
m
e
r
c
i
a
l
 
c
a
b
l
e

T
V

i
s
 
u
s
e
d
 
t
o
 
c
o
n
v
e
y
 
s
i
g
n
a
l
s
 
t
o

t
h
e
 
r
e
c
e
i
v
e
r
 
u
n
i
t
s
.
 
A
 
v
i
d
e
o
 
t
a
p
e
 
r
e
c
o
r
d
e
r
 
s
e
r
v
e
s

a
s
 
a
 
m
o
d
u
l
e

s
e
l
e
c
t
o
r
 
b
e
t
w
e
e
n
 
t
h
e
 
T
V
 
s
e
t
 
a
n
d
 
t
h
e
 
c
a
b
l
e
 
c
o
n
n
e
c
t
i
o
n
.
 
T
h
e

t
e
r
m
i
n
a
l
 
i
s
 
a
l
s
o
 
e
q
u
i
p
p
e
d
 
w
i
t
h
 
a

r
e
s
p
o
n
s
e
 
d
e
v
i
c
e
 
a
n
d
 
a

t
y
p
e
w
r
i
t
e
r
.

T
h
e
 
m
e
m
o
r
y
 
u
n
i
t
 
i
s
 
s
o
 
l
i
m
i
t
e
d
 
t
h
a
t
 
i
t
 
c
a
n
o
n
l
y
 
r
e
t
a
i
n
 
t
w
o
 
f
r
a
m
e
s

a
t
 
a
 
t
i
m
e
.
 
T
h
e
 
s
y
s
t
e
m
 
m
a
k
e
s
 
u
s
e
 
o
f
 
r
e
s
e
r
v
e
 
c
h
a
n
n
e
l
s
 
f
o
r

c
o
m
m
e
r
c
i
a
l
 
c
a
b
l
e
 
T
V
,
 
w
h
i
c
h
 
h
i
l
p
s
 
t
o
 
b
r
i
n
g
 
d
o
w
n
 
c
o
s
t
s
.

T
h
i
s
 
p
r
o
t
o
t
y
p
e
 
i
s
 
n
o
w
 
u
n
d
e
r
g
o
i
n
g
 
e
v
a
l
u
a
t
i
o
n
.
 
T
h
e

c
o
m
p
u
t
e
r

e
q
u
i
p
m
e
n
t
 
c
o
s
t
s
 
a
r
e
 
p
r
o
b
a
b
l
y
 
t
h
e
 
l
o
w
e
s
t
 
i
n
 
t
h
e
 
c
o
u
n
t
r
y
.
 
T
h
e

p
u
r
c
h
a
s
e
 
p
r
i
c
e
 
o
f
 
t
h
i
s
 
u
n
i
t
 
f
o
r
 
1
2
8
 
u
s
e
r
s
 
(
t
e
r
m
i
n
a
l
s
)
 
w
i
l
l
 
b
e

i
n
 
t
h
e
 
r
e
g
i
o
n
 
o
f
 
4
0
0
 
d
o
l
l
a
r
s

p
.
a
.
 
(
t
h
e
 
o
v
e
r
h
e
a
d
s
 
a
r
e
 
s
p
r
e
a
d

o
u
t
 
o
v
e
r
 
a
 
p
e
r
i
o
d
 
o
f
 
8
 
y
e
a
r
s
)
.
 
T
o
 
t
h
i
s
 
m
u
s
t
 
b
e
 
a
d
d
e
d

r
u
n
n
i
n
g

a
n
d
 
m
a
i
n
t
e
n
a
n
c
e
 
c
o
s
t
s
 
t
o
g
e
t
h
e
r
 
w
i
t
h
 
s
o
f
t
w
a
r
e
 
c
o
s
t
s
.
 
T
h
i
s

c
o
m
p
u
t
e
r
 
e
q
u
i
p
m
e
n
t
 
r
a
i
s
e
s
 
c
o
m
p
l
e
t
e
l
y
 
n
e
w
 
p
o
s
s
i
b
i
l
i
t
i
e
s
 
f
o
r

t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
a
n
d
 
r
e
a
l
i
z
a
t
i
o
n
 
o
f
 
C
A
I
 
i
n
s
t
r
u
c
t
i
o
n
.

O
t
t
e
:
 
F
i
r
s
t
 
w
e
 
a
r
e
 
c
o
n
n
e
c
t
i
n
g
 
u
p

5
r
e
m
o
t
e
 
t
e
r
m
i
n
a
l
s
.
 
A
f
t
e
r

T
w
o

y
e
a
r
s
 
w
e
 
w
i
l
l
 
p
r
o
b
a
b
l
y
h
a
v
e
 
3
0
-
4
0
 
t
e
r
m
i
n
a
l
s
 
w
o
r
k
i
n
g
,
.

a
f
t
e
r
 
t
h
r
e
e
 
y
e
a
r
s
 
6
0
 
o
r
 
m
o
r
e
.
 
T
h
e
 
l
o
c
a
l
 
s
c
h
o
o
l
,
 
c
o
l
l
e
g
e
 
o
r

u
n
i
v
e
r
s
i
t
y
 
p
a
y
s
 
f
o
r
 
i
t
s
 
s
h
a
r
e
 
o
f
 
t
h
e
 
e
q
u
i
p
m
e
n
t
.
 
B
y
 
t
h
e
e
n
d

o
f
 
t
h
e
 
t
h
i
r
d
.
 
y
e
a
r
 
w
e
 
h
o
p
e
 
t
h
a
t
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t
 
w
i
l
l
 
b
e

paying
f
o
r
 
i
t
s
e
l
f
 
a
s
 
f
a
r
 
a
s
 
t
h
e
 
e
q
u
i
p
m
e
n
t
 
i
s
 
c
o
n
c
e
r
n
e
d
,
 
i
n
 
w
h
i
c
h

c
a
s
e
 
w
e
 
w
i
l
l
 
d
i
s
c
o
n
t
i
n
u
e
 
F
e
d
e
r
a
l
 
a
i
d
.

!
d
!
,
0
1
!
I
l
i
o
a
l
l
n
e
p
a
r
t
i
=
a
;
o
l
u
e
s
t
i
o
n
s

d
o
 
y
o
u
 
h
o
p
e
 
t
h
i
s
 
p
r
o
j
e
c
t

O
t
t
e
:
 
F
i
r
s
t
 
a
n
d
 
f
o
r
e
m
o
s
t
 
t
h
e
 
q
u
e
s
t
i
o
n
:
 
i
s
 
i
t
 
e
c
o
n
o
m
i
c
a
l
l
y

f
e
a
s
i
b
l
e
 
a
t
 
t
h
e
 
p
r
e
s
e
n
t
 
s
t
a
g
e
 
t
o
 
s
e
t
 
u
p
 
a
 
c
o
m
p
u
t
e
r
 
n
e
t
w
o
r
k

c
o
v
e
r
i
n
g
 
t
h
e
 
e
n
t
i
r
e
 
c
o
u
n
t
r
y
?
 
W
e
 
h
o
p
e
 
t
o
 
f
i
n
d

out
w
h
a
t
 
p
r
o
b
l
e
m
s

a
r
i
s
e
 
w
h
e
n
 
d
a
t
a
 
n
e
t
w
o
r
k
s
 
c
r
o
s
s
 
s
t
a
t
e
 
b
o
u
n
d
a
r
i
e
s
,
 
s
o
m
e
t
h
i
n
g

w
h
i
c
h
 
c
a
n
 
l
e
a
d
 
t
o
 
p
o
l
i
t
i
c
a
l
 
p
r
o
b
l
e
m
s
 
a
s
 
w
e
l
l
 
a
s
 
p
r
o
b
l
e
m
s
 
o
f

d
i
s
t
a
n
c
e
.
 
-
W
e
 
-
a
l
s
o
 
h
o
p
e
 
t
o
 
f
i
n
d
 
o
u
t
 
t
o
 
w
h
a
t
 
e
x
t
e
n
t
 
a
 
S
y
s
t
e
m

o
f
 
t
h
i
s
 
k
i
n
d
 
c
a
n
 
s
u
p
p
o
r
t
 
b
o
t
h
 
a
d
m
i
n
i
s
t
r
a
t
i
v
e
 
a
n
d
 
p
u
r
e
l
y

e
d
u
c
a
t
i
o
n
a
l
 
a
i
m
s
.
 
W
e
 
e
x
p
e
c
t
 
t
h
a
t
 
a
 
c
o
m
p
r
e
h
e
n
s
i
v
e
 
d
a
t
a
 
s
y
s
t
e
m

w
i
l
l
 
p
r
o
v
e
 
c
h
e
a
p
e
r
 
t
h
a
n
 
a
 
s
y
s
t
e
m
 
i
n
 
w
h
i
c
h
 
e
v
e
r
y
 
s
c
h
o
o
l
 
h
a
s

i
t
s
 
o
w
n
 
c
o
m
p
u
t
e
r
.

T
h
e
 
T
e
x
a
s
 
e
x
p
e
r
i
m
e
n
t

A
 
p
r
o
j
e
c
t
 
h
a
s
 
j
u
s
t
 
s
t
a
r
t
e
d
 
i
n
W
a
c
o
,
 
T
e
x
a
s
,
 
f
o
r
 
t
h
e
 
u
s
e
 
o
f

"
s
e
m
i
-
i
n
t
e
l
l
i
g
e
n
t
 
t
e
r
m
i
n
a
l
s
 
o
n
'
a
 
n
a
t
i
o
n
-
w
i
d
e
 
b
a
s
i
s
 
t
o
 
l
o
o
k

i
n
t
o
 
a
 
n
a
t
i
o
n
a
l
 
e
d
u
c
a
t
i
o
n
a
l

c
o
m
p
u
t
e
r
 
u
t
i
l
i
t
y
 
"
.
 
T
h
e
 
p
r
o
j
e
c
t
 
i
s

b
e
i
n
g
 
l
e
d
 
b
y
 
t
h
e
 
W
e
s
t
e
r
n
 
I
n
s
t
i
t
u
t
e
 
f
o
r
 
S
c
i
e
n
c
e
 
a
n
d

T
e
c
h
n
o
l
o
g
y
,

W
a
c
o
,
 
T
e
x
a
s
.

T
h
e
 
c
o
m
p
u
t
e
r
 
s
y
s
t
e
m
 
i
s
 
b
a
s
e
d

o
n
 
a
 
l
a
r
g
e
 
c
e
n
t
r
a
l
 
c
o
m
p
u
t
e
r
 
t
o

w
h
i
c
h
 
t
e
r
m
i
n
a
l
s
 
c
a
n
 
b
e
 
c
o
n
n
e
c
t
e
d
 
f
o
r
 
b
a
t
c
h
p
r
o
c
e
s
s
i
n
g
.
 
T
h
i
s

m
e
a
n
s
-
t
h
a
t
 
t
h
e
 
s
y
s
t
e
m
 
c
a
n
 
b
e
 
u
s
e
d
 
b
y
 
p
u
p
i
l
s
 
f
o
r

v
a
r
i
o
u
s
 
e
d
u
c
e
-

t
i
o
n
a
l
 
p
u
r
p
o
s
e
s
 
a
n
d
 
b
y
 
s
c
h
o
o
l
s
 
f
o
r
a
d
m
i
n
i
s
t
r
a
t
i
v
e
-
a
c
t
i
v
i
t
i
e
s
.

T
h
e
 
f
i
r
s
t
 
p
h
a
s
e
 
o
f
 
t
h
e
 
p
r
o
j
e
c
t
 
e
n
t
a
i
l
s

c
o
n
n
e
c
t
i
n
g
 
s
c
h
o
o
l
s
 
i
n

d
i
f
f
e
r
e
n
t
 
p
a
r
t
s
 
o
f
 
t
h
e
 
c
o
u
n
t
r
y
.
 
T
h
e
 
t
e
r
m
i
n
a
l
s

a
r
e
 
o
f
 
t
h
e

"
s
e
m
i
-
 
i
n
t
e
l
l
i
g
e
n
t
 
h
a
t
c
h
 
t
y
p
e
 
"
,
 
i
.
e
.
 
i
n
 
a
d
d
i
t
i
o
n

t
o
 
a
 
l
a
r
g
e

c
e
n
t
r
a
l
 
c
o
m
p
u
t
e
r
 
t
h
e
r
e
 
i
s
 
a
 
m
i
n
i
-
c
o
m
p
u
t
e
r
,

a
 
w
r
i
t
e
r
,
 
a
 
c
a
r
d

r
e
a
d
e
r
,
 
a
 
C
R
T
 
s
c
r
e
e
n
 
a
n
d
 
s
o
m
e
 
k
i
n
d
 
o
f
 
i
n
-
f
e
e
d
i
n
g
 
m
e
m
b
e
r
.

T
h
e
 
m
i
n
i
-
c
o
m
p
u
t
e
r
 
i
s
 
o
f
 
s
i
z
e
 
P
D
P
-
8
 
.
T
h
e
 
a
i
m
 
o
f

t
h
e
 
m
i
n
i
-
c
o
m
p
u
t
e
r

i
s
 
t
o
 
m
a
k
e
 
i
t
 
p
o
s
s
i
b
l
e
 
f
o
r
 
c
e
r
t
a
i
n

c
o
m
p
u
t
e
r
 
a
c
t
i
v
i
t
i
e
s
 
t
o
 
b
e

c
o
n
d
u
c
t
e
d
 
a
t
 
l
o
c
a
l
 
l
e
v
e
l
 
a
n
d
 
a
t
 
t
h
e
 
c
a
m
e
 
t
i
m
e
 
p
r
o
v
i
d
e
 
i
n
-
f
e
e
d

a
n
d
 
o
u
t
-
 
f
e
e
d
/
i
n
p
u
t
 
a
n
d
 
o
u
t
p
u
t
 
m
e
m
b
e
r
s
 
f
o
r

a
 
l
a
r
g
e
 
c
e
n
t
r
a
l

c
o
m
p
u
t
e
r
 
i
n
 
T
e
x
a
s
.

a
u
s
s
t
i
s
n
l
 
B
y
 
w
h
a
t
 
s
t
a
g
e
s
 
i
s
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t
 
p
r
o
c
e
e
d
i
n
g
?

D
r
 
W
a
r
d
 
M
a
s
o
n
,
 
U
S
 
O
f
f
i
c
e
 
o
f
 
E
d
u
c
a
t
i
o
n
.
 
W
a
s
h
i
n
g
t
o
n

D
r
 
M
a
s
o
n
 
i
s
 
i
n
 
c
h
a
r
g
e
 
o
f
 
"
R
e
g
i
o
n
a
l
 
L
a
b
e
"
 
a
n
d
 
"
R
e
s
e
a
r
c
h
 
a
n
d

D
e
v
e
l
o
p
m
e
n
t
 
C
e
n
t
e
r
s
"
,
 
-
b
o
t
h
 
o
f
 
w
h
i
c
h
 
a
r
e
 
c
o
n
c
e
r
n
e
d
 
w
i
t
h
 
r
e
s
e
a
r
c
h

a
n
d
 
d
e
v
e
l
o
p
m
e
n
t
 
w
o
r
k
.
 
T
h
e
r
e
 
a
r
e
 
2
5
 
s
u
c
h
 
i
n
s
t
i
t
u
t
i
o
n
s
 
a
l
t
o
g
e
t
h
e
r
-

i
n
 
d
i
f
f
e
r
e
n
t
 
p
a
r
t
s
 
o
f
 
t
h
e
 
U
S
A
.

T
h
e
r
e
 
a
r
e
 
a
 
n
u
m
b
e
r
 
o
f
 
p
r
o
g
r
a
m
m
e
s
 
i
n
v
o
l
v
i
n
g
 
c
o
m
p
u
t
e
r
s
:

1
S
o
u
t
h
w
e
s
t
 
R
e
g
i
o
n
a
l
 
L
a
b
o
r
a
t
o
r
y
 
i
n
 
L
o
s
 
A
n
g
e
l
e
s
 
i
s
 
c
o
n
d
u
c
t
i
n
g

a
 
C
M
I
 
e
x
p
e
r
i
m
e
n
t
 
i
n
 
w
h
i
c
h
 
e
f
f
o
r
t
s
 
a
r
e
 
a
l
s
o
 
b
e
i
n
g
 
m
a
d
e
 
t
o
 
e
m
p
l
o
y

t
h
e
 
c
o
m
p
u
t
e
r
 
a
s
 
a
 
r
e
s
e
a
r
c
h
 
i
n
s
t
r
u
m
e
n
t
.

2
T
h
e
 
L
e
a
r
n
i
n
g
 
R
e
s
e
a
r
c
h
 
a
n
d
 
D
e
v
e
l
o
p
m
e
n
t
 
C
e
n
t
e
r
 
i
n
 
P
i
t
t
s
b
u
r
g
h
,

D
r
 
R
o
b
e
r
t
 
G
l
a
s
e
r
,
 
i
s
 
e
n
g
a
g
e
d
 
i
n
 
r
e
s
e
a
r
c
h
 
o
n
 
C
M
I
 
a
n
d
 
C
A
I
.

3
R
e
s
e
a
r
c
h
 
o
n
 
b
e
t
t
e
r
 
s
c
h
o
o
l
s
 
i
s
 
t
h
e
 
t
i
t
l
e
 
o
f
 
a
 
p
a
r
t
i
a
l
l
y

c
o
m
p
u
t
e
r
-
b
a
s
e
d
 
e
x
p
e
r
i
m
e
n
t
 
i
n
 
p
r
o
g
r
e
s
s
 
a
t
 
P
h
i
l
a
d
e
l
p
h
i
a
,
-
-
-
=

4
T
h
e
 
N
o
r
t
h
w
e
s
t
 
R
e
g
i
o
n
a
l
-
L
a
b
o
r
a
t
o
r
y
 
i
v
 
P
o
r
t
l
a
n
d
,
 
O
r
e
g
o
n
 
i
s

d
e
v
e
l
o
p
i
n
g
 
t
h
e
 
s
o
-
 
c
a
l
l
e
d
 
R
E
A
C
T
 
p
r
o
g
r
a
m
m
e
 
f
o
r
 
t
h
e
 
a
p
p
l
i
c
a
t
i
o
n

o
f
 
c
o
m
p
u
t
e
r
 
t
e
c
h
n
o
l
o
g
y
.

5
T
h
e
 
R
e
g
i
o
n
a
l
 
L
a
b
 
i
n
 
N
o
r
t
h
 
C
a
r
o
l
i
n
a
 
i
s
 
w
o
r
k
i
n
g
 
o
n
 
t
h
e

a
p
p
l
i
c
a
t
i
o
n
 
o
f
 
c
o
m
p
u
t
e
r
s
 
t
o
 
a
d
m
i
n
i
s
t
r
a
t
i
v
e
 
t
a
s
k
s
.

A
S

T
h
e
 
W
i
c
h
e
P
r
o
j
e
c
t
,
(
W
I
C
H
E
l
i
f
e
s
t
e
r
n
 
I
n
t
e
r
s
t
a
t
e
 
C
o
m
m
i
s
s
i
o
n

f
o
r
-
l
i
g
t
e
,
E
d
u
c
a
t
i
o
n
)
,
w
h
i
c
h
b
a
s
 
n
o
w
-
h
e
e
o
 
i
n
 
p
r
o
g
r
e
s
s
 
f
o
r

s
e
v
e
r
a
l
:
 
y
e
a
r
s
,
 
i
s
 
a
i
m
e
d
 
a
t
 
t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
a
 
"
S
t
a
n
d
a
r
d
 
d
a
t
a

s
y
s
t
e
m
 
f
o
r
 
c
o
l
l
e
g
e
s
 
a
n
d
 
u
n
i
v
e
r
s
i
t
i
e
s
 
t
o
 
u
s
e
 
f
o
r
 
m
a
n
a
g
e
m
e
n
t

p
u
r
p
o
s
e
s
"
-
,
 
i
n
 
o
t
h
e
r
 
w
o
r
d
s
 
a
 
c
o
m
p
u
t
e
r
-
 
m
a
n
a
g
e
d
 
-
 
m
a
n
a
g
e
m
e
n
t

i
n
f
o
r
m
a
t
i
o
n
 
s
y
s
t
e
m
.

P
r
o
f
e
s
s
o
r
 
W
i
l
b
e
r
t
 
A
.
 
P
i
n
k
e
r
t
o
n
,
 
J
r
.
,
 
H
a
r
v
a
r
d
 
U
n
i
v
e
r
b
i
t
y
,

G
r
a
d
u
a
t
e
 
S
c
h
o
o
l
 
o
f
 
B
u
s
i
n
e
s
s
 
A
d
m
i
n
i
s
t
r
a
t
i
o
n
.
 
B
o
s
t
o
n

-

D
r
 
Z
e
n
o
n
 
S
.
 
Z
a
n
n
e
t
o
s
,
 
M
a
s
s
a
c
h
u
s
e
t
t
s
 
I
n
s
t
i
t
u
t
e
 
o
f

T
e
c
h
n
o
l
O
C
Y
-

(
M
 
I
 
T
 
)

B
o
s
t
o
n

w
i
l
l
 
b
e
 
a
b
l
e
 
1

e
f
f
o
r
t
s
,

P
i
n
k
e
r
t
o
n
 
h
a
s
 
t
r
i
e
d
 
t
o
 
u
s
e
 
t
h
e
 
c
o
m
p
u
t
e
r
 
f
o
r
 
m
a
n
a
g
e
m
e
n
t
 
g
a
m
e
s

o
f
 
v
a
r
i
o
u
s
 
k
i
n
d
s
 
a
n
d
 
a
t
 
a
 
m
e
a
n
s
 
o
f
 
a
c
h
i
e
v
i
n
g
 
i
n
t
e
r
a
c
t
i
v
e

l
e
a
r
n
i
n
g
.

E
4
k
R
A
t
e
i
l
l

T
h
e
 
c
o
m
p
u
t
e
r
 
i
s
 
a
 
n
e
c
m
s
a
r
y
 
a
i
d
 
i
n
 
m
a
n
a
g
e
m
e
n
t
 
g
a
m
e
s
 
i
n
 
t
e
a
c
h
i
n
g
.

.
T
h
i
s
 
n
e
e
d
 
n
o
t
 
e
n
t
a
i
l
 
t
h
e
 
r
e
a
l
i
s
t
i
c
 
r
e
p
r
o
d
u
c
t
i
o
n
 
o
r
 
s
i
m
u
l
a
t
i
o
n

o
f
 
a
 
.
p
a
r
t
i
c
u
l
a
r
 
a
c
t
i
v
i
t
y
.
 
I
t
 
c
a
n
 
b
e
 
e
n
o
u
g
h
 
t
o
 
p
r
o
g
r
a
m
m
e
 
t
h
e

d
e
c
i
s
i
o
n
 
d
a
t
a
 
n
e
e
d
e
d
 
b
y
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
t
e
a
m
s
 
(
w
h
o
 
c
o
m
p
e
t
e
 
a
g
a
i
n
s
t

e
a
c
h
 
o
t
h
e
r
)
 
f
o
r
 
e
a
c
h
 
n
e
w
 
m
o
v
e
 
c
o
n
f
r
o
n
t
i
n
g
 
t
h
e
m
.
 
C
o
m
p
u
t
e
r
-
b
a
s
e
d

s
i
m
u
l
a
t
i
o
n
 
m
o
d
e
l
s
 
c
a
n
 
a
l
s
o
 
b
e
 
u
s
e
d
 
t
o
 
g
i
v
e
 
s
t
u
d
e
n
t
s
 
a
n
 
i
n
s
i
g
h
t

i
n
t
o
 
t
h
e
 
s
i
t
u
a
t
i
o
n
s
 
w
h
i
c
h
 
c
a
n
 
c
o
n
f
r
o
n
t
 
a
 
=
w
a
g
e
r
.
 
A
t
 
t
h
e
 
s
a
m
e

t
i
m
e
 
t
h
e
 
s
t
u
d
e
n
t
 
c
a
n
 
l
e
a
r
n
 
h
o
w
 
t
o
 
u
t
i
l
i
z
e
 
c
o
m
p
u
t
e
r
.
b
a
s
e
d
 
s
i
m
u
l
a
-

t
i
o
n
 
s
o
 
a
s
 
t
o
 
o
b
t
a
i
n
 
m
o
r
e
 
r
e
l
i
a
b
l
e
 
r
e
s
u
l
t
s
._

-
-

T
h
e
 
s
t
u
d
e
n
t
s
 
f
i
n
d
 
t
h
i
s
 
f
o
r
m
 
o
f
 
t
e
a
c
h
i
n
g
 
e
x
t
r
e
m
e
l
y
 
u
s
e
f
u
l
 
a
n
d

e
f
f
i
c
i
e
n
t
.
 
W
O
 
h
o
u
r
s
 
a
f
t
e
r
 
t
h
e
y
 
h
a
v
e
 
m
a
d
e
 
a
w
a
r
t
i
c
u
l
a
r
-
d
e
c
i
s
i
o
n
,

e
.
g
.
o
n
 
a
 
q
u
e
s
t
i
o
n
 
o
f
 
m
a
r
k
e
t
i
n
g
 
a
f
f
e
c
t
i
n
g
 
s
a
l
e
s
 
d
u
r
i
n
g
t
h
e

t
h
i
r
d
 
q
u
a
r
t
e
r
 
o
f
 
t
h
e
 
y
e
a
r
,
 
t
h
e
 
r
e
s
u
l
t
e
-
a
r
e
 
i
n
 
t
h
e
i
r
 
h
a
n
d
s
r
a
n
d

t
h
e
y
 
-
c
a
n
 
g
o
 
o
n
,
 
f
o
u
r
 
o
r
 
f
i
v
e
 
h
o
u
r
s
 
l
a
t
e
r
,
 
t
o
 
c
o
n
s
i
d
e
r
 
d
e
d
i
s
i
o
n
s

c
o
n
c
e
r
n
i
n
g
 
t
h
e
 
f
o
u
r
t
h
 
q
u
a
r
t
e
r
.

C
a
m
e
 
-
 
p
r
o
g
r
a
m
m
e
s
 
o
f
 
t
h
i
s
 
k
i
n
d
 
c
a
n
 
n
o
w
 
b
e
 
b
o
u
g
h
t
 
a
t
 
M
o
d
e
r
a
t
e

p
r
i
c
e
a
.
 
F
o
r
 
1
2
 
d
o
l
l
a
r
s
 
o
n
e
 
c
a
n
 
g
e
t
 
a
 
m
a
n
u
a
l
,
 
s
t
u
d
e
n
t
 
m
a
t
e
r
i
a
l

a
n
d
i
=
t
h
e
e
p
r
o
g

m
r
a
m
e
 
(
o
n
-
_
t
a
p
e
)
.

-
-
=
 
-
 
-

-
-

-

I
 
h
a
v
e
 
b
e
e
n
 
w
o
r
k
i
n
g
 
o
n
 
p
r
o
g
r
a
m
m
e
d
 
i
n
s
t
r
u
c
t
i
o
n
 
f
o
r
m
a
n
y
 
y
e
a
r
s
.

I
 
s
o
o
n
-
 
b
e
c
a
m
e
 
c
o
n
v
i
n
c
e
d
 
t
h
a
t
 
p
r
o
g
r
a
m
m
e
d
 
m
a
t
e
r
i
a
l
 
s
h
o
u
l
d

n
o
t

b
e
 
"
o
f
f
e
r
e
d
"
 
v
i
a
 
a
 
t
e
a
c
h
i
n
g
 
m
a
c
h
i
n
e
 
b
u
t
 
s
h
o
u
l
d
i
n
s
t
e
a
d
 
b
e

p
r
e
s
e
n
t
e
d
 
i
n
 
t
h
e
 
f
o
r
m
 
O
f
,
a
 
p
r
o
g
r
a
m
m
e
d
 
t
e
x
t
.
 
P
r
o
g
r
a
m
m
e
d
 
t
e
x
t
.
 
i
s

c
h
e
a
p
e
r
 
t
o
 
r
e
p
r
o
d
u
c
e
 
i
n
 
b
o
o
k
 
o
r
 
b
o
o
k
l
e
t
 
f
o
r
m
 
a
n
d
 
i
t
 
t
a
k
e
s
:
 
l
e
s
s

t
i
m
e
 
(
n
o
 
w
a
i
t
i
n
g
 
t
i
m
e
)
.

F
o
r
 
a
 
l
o
n
g
l
i
m
e
 
p
e
o
p
l
e
 
t
h
o
u
g
h
t
 
t
h
a
t
 
c
o
m
p
u
t
e
r
s
 
s
h
o
u
l
d
 
b
e
 
u
s
e
d

i
n
 
t
h
e
 
s
a
m
e
 
w
a
y
 
a
s
 
t
e
a
c
h
i
n
g
 
m
a
c
h
i
n
e
s
 
i
n
 
p
r
o
g
r
a
m
m
e
d
 
i
n
s
t
r
u
c
t
i
o
n
.

T
h
i
s
 
i
s
 
f
e
a
s
i
b
l
e
 
b
u
t
 
i
t
 
i
s
 
a
n
 
e
x
p
e
n
s
i
v
e
 
p
r
o
c
e
d
u
r
e
.
 
T
h
e
r
e
 
a
r
e

u
n
d
o
u
b
t
e
d
l
y
 
m
o
r
e
-
s
o
p
h
i
s
t
i
c
a
t
e
d
 
a
p
p
l
i
c
a
t
i
o
n
s
 
a
v
a
i
l
a
b
l
e
 
f
o
r
 
t
h
e

c
o
m
p
u
t
e
r
 
a
s
 
a
 
t
e
a
c
h
i
n
g
 
a
i
d
.

I
n
 
m
y
 
o
p
i
n
i
o
n
,
 
t
h
e
 
s
e
c
t
o
r
 
w
h
e
r
e
 
t
h
e
 
c
o
m
p
u
t
e
r
 
r
e
a
l
l
y
 
c
o
m
e
s
 
i
n
t
o

-
i
t
s
 
o
w
n
 
i
s
 
c
o
n
c
e
p
t
 
l
e
a
r
n
i
n
g
 
a
n
d
 
t
h
e
 
s
t
u
d
y
 
o
f
 
r
e
l
a
t
i
o
n
s
 
b
e
t
i
v
e
n

c
o
n
c
e
p
t
s
 
(
c
o
n
c
e
p
t
u
a
l
 
s
t
r
U
c
t
u
r
e
)
.
 
"
T
h
e
 
e
x
p
e
r
i
m
e
n
t
s
 
w
e
 
a
r
e

c
o
n
d
u
c
t
i
n
g
 
a
n
d
 
w
h
i
d
h
 
w
e
 
h
a
v
e
 
h
e
e
n
 
-
w
o
r
k
i
n
g
 
o
n
 
f
o
r
 
t
h
r
e
e
 
y
e
a
r
s

.

a
r
e
 
m
a
i
l
e
d
 
t
h
e
 
A
s
s
o
t
i
a
t
i
v
e
 
L
e
a
r
n
i
n
g
 
P
r
o
j
e
c
t
.
 
F
o
r
 
i
n
t
t
a
n
c
e
-
a

s
t
u
d
e
n
t
t
h
b
u
l
d
 
b
e
:
 
-
a
b
l
e
,
 
v
i
a
 
t
h
e
-
c
o
m
p
/
t
e
r
,
 
t
o
 
a
s
k
:
.
 
W
h
a
t
i
s
i
 
t
h
e

r
e
l
a
t
i
o
n
 
b
e
t
e
e
e
n
c
o
n
c
e
p
t
=
A
 
a
n
d
.
0
0
0
c
e
p
t
i
e
 
V
i
a
 
t
h
e
-
m
o
m
i
u
t
e
r
-

-

t
h
e
 
s
t
u
d
e
e
t
 
c
a
n
 
o
b
t
a
i
n
-
l
e
f
i
e
i
t
i
o
n
e
-
b
e
 
g
i
v
e
n
 
a
n
 
o
p
p
o
r
t
u
n
i
t
y
 
t
o

s
t
r
o
p
t
u
r
a
l
i
z
a
r
e
l
a
t
i
o
h
s
,
a
o
d
e
b
t
a
i
l
e
a
n
a
n
s
w
e
r
A
o
-
h
i
a
l
u
e
l
t
i
O
n
i
.
,

T
h
e

p
r
i
m
a
r
i
l
y

-

W
h
e
r
e
a
s
 
S
k
i
m
s

b
u
i
l
d
i
n
g
 
u
p
 
o
:

p
r
e
d
i
c
t
a
b
l
e
 
r

t
h
e
 
s
t
u
d
e
n
t
 
t
,

o
f
 
-
t
h
e
 
J
a
m
i
e

t
h
e
-
s
t
u
d
e
n
t
s
:

q
u
e
s
t
i
o
n
s
.
 
T
h
y

b
a
s
i
s
 
o
f
 
t
h
e
 
1

q
u
e
s
t
i
o
n
s
 
p
u
t

p
r
o
g
r
a
m
m
e
 
i
n
 
1

T
h
i
s
 
a
r
g
u
m
e
n
t
 
P
r
e
o
u
p
p
O
s
e
a
f
t
h
a
t
 
i
n
f
o
r
m
a
t
i
o
n
-
i
s
 
n
o
t
_
j
u
a
t
.
d
a
t
d
-
t
b
u
t

a
-
c
o
m
b
i
n
a
t
i
o
n
,
o
f
-
C
o
n
t
e
x
M
A
I
-
a
s
s
o
d
i
a
t
i
e
n
i
n
i
a
-
W
c
o
n
t
e
i
t
=
.
 
l
e
Z
=

f
a
c
t
-
w
e
_
c
a
h
n
o
t
.
c
l
e
d
U
c
e
-
i
n
f
o
r
m
a
t
i
o
e
-
f
r
o
l
O
a
t
i
-
M
i
i
e
a
t
t
h
a
d
a
.

a
r
e
 
p
l
a
d
e
-
d
i
n
t
h
e
 
r
i
g
h
t
 
a
i
t
o
c
i
a
t
i
v
e
-
c
o
n
t
e
t
t
.
i
t
,
f
o
l
l
o
e
t
 
f
l
A
7
t

a
-
s
t
u
d
e
n
t
m
e
t
a
-
f
i
e
a
r
n
i
b
i
e
 
i
f
=
w
e
n
o
u
l
d
,
e
h
o
d
,
h
i
h
l
i
t
a
r
r
=
d
i
t
a

:

U
s
e
d
 
i
n
t
.
 
C
o
n
t
e
x
t
,

=
-

-
-

-

T
o

t
r
i
e
d
-
 
t
o
 
o
f
f
e
r
 
t
h
e
 
m
a
t
e
r
i
a
l
 
t
o
 
s
t
u
d
e
n
t
s
 
i
n
r
5

t
h
e
 
f
o
r
m
 
O
t
p
r
O
g
r
a
m
i
e
d
 
t
e
a
c
h
i
n
g
 
m
a
t
e
r
i
a
l
 
'
(
t
e
x
t
)

N
ext=

 _w
e

w
e arrived

a
t
=
-
-
-

-

t
h
e
 
i
d
e
a
-
 
o
f
:
a
g
i
n
g
 
A
 
M
o
m
i
b
i
l
i
a
t
i
o
i
i
 
i
f
 
m
e
t
h
o
d
s
-
m
a
k
i
n
g
 
b
e
t
t
e
r

a
l
l
o
w
a
n
c
e
 
-
 
f
o
r
 
'
t
i
l
e
 
-
 
c
o
m
p
l
e
x
i
t
y
 
o
f
 
-
t
h
e
 
t
t
o
b
j
e
c
t
 
m
a
t
t
e
r
-
 
a
n
d
 
t
h
e
 
f

d
e
s
i
r
e
s
 
a
n
d
 
h
o
s
i
e
l
e
d
g
e
 
o
f
 
7
t
h
e
 
W
e
n
d
e
n
t
s
.
'

-

I
n
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t
s
 
W
e
 
a
r
e
 
r
u
n
n
i
n
g
_
 
a
t
-
l
h
-
I
.
T
.
 
w
e
 
f
i
r
s
t

let the-
p
u
p
i
l
_
 
W
o
r
k
 
t
h
r
o
u
g
h

c
o
m
a
 
e
r
,
b
a
t
 
e
d
,
p
r
o
g
r
a
m
m
e
 
w
h
i
c
h
 
-
i
s
 
_
d
e
e
f
i
n
i
e
d
 
-

e
l
i
c
h
e
.
s
a
y

that
e
a
c
h
,
i
n
t
l
i
W
i
d
u
a
l
 
s
t
e
p
 
o
f
f
e
r
s

r
o
u
t
e
s
 
_
t
o
 
t
h
e
 
:
t
e
x
t
 
s
t
e
p
.
-
 
F
o
r
 
i
n
e
t
a
n
c
e
,
 
h
e
 
C
a
n
.
a
s
k
 
a
 
q
u
e
s
t
i
o
n
=

c
o
n
n
e
c
t
e
d
 
W
i
t
h
 
o
d
e
 
o
f
 
t
h
e
 
.
s
t
e
p
s

'
t
a
b
 
a
l
r
e
a
d
y
 
p
a
s
e
e
d
.
 
T
h
e

c
o
m
p
u
t
e
r
 
w
i
l
l
 
=
t
h
e
n
 
t
a
k
e
 
h
i
m
 
-
s
a
c
k
,
 
m
i
n
 
t
o
 
a
 
c
e
r
t
a
i
n
 
d
e
f
i
n
i
t
i
o
n

a
n
d
 
s
t
r
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words, PLAN is more flexible and, consequentiy, has a bigger
guidance component than IPI.

In many respects. however, IPI and PLAN resemble each other.

kestion: Is there any different between the testing methods of

the two systems?

Shanner: The students are not given any numerical scores in PLAN.
All the test does is to show which objective a student has attain-
ed or failed to attain. For instance, he may pass three of five
tests and then be taken back to material enabling him to pass

the two he failed. The IPI student is tested on what he has
studiec. The object of the test in PLAN is to show what the
student can do after he has ltLdied d'particular section.

uestion: Is there a future for the CNM idea in schools?

Shanner: American schools have never taken efficiency seriously

and have never desii., to work for it. The percentage of time

per day devoted by ma:dents to active learning is very low,

perhaps as low as 10 per cent. Of course, we cannot expect
students to be 100 per cent learning- eff.cient six hours a day,
but CMI can probably raise their efficiency.

There are a host of problems in school that we have not solved.
It is not necessarily aptitude but time and practice that
correlate most with performance. The time and practice devoted

to a subject seem to correlate with performance achievement as

much as anything else.

The theory behind the PLAN project is that if learning tasks can

be redistributed as regards both teacher and student in the
course of a six-hour school day, we cen expect the percentage

of time in which each student is engaged in active learningto

rise from 10 to 15 per cent without any changes being made to

the ordinary teaching material. In this way one could achieve

67

At one school we have full periods and that of course is easy to
plan a timetable for. But tdifficulties still arise, due partly
to the teachers' Working in teams and partly again to subjects
being scheduled in blocks. Difficulties also crop up as a result
of students changing their minds at the last minute.

We assumed that we would have to programme a manual timetable and
so far we have based everything on logarithms. Computerized
timetable construction generally is something of a trial and
error business. There is no direct mathematical solution to the

problem.

But we are working on the matter and we are very interested._

Question: What is your view of the idea of a total information

system??

Duerstock: In practice there is hardly any total information
system in existence. A total information system would mean a
system in which there are 1 -inks between different registers and
in which a student can be retained in one register even if he is

not eligible for others.- A total information system is extremely

hard to construct because you do not know what relations apply
between different registers and different departments. The fees
which have to be paid by the student may come under the finance
section but at the same time they are part of the business of
registration. The same particulars have to be made available in

several different places, which makes things extraordinarily
complicated. This means that you have to define all relations
between the different tasks and registers before you can even
think about doing anything else.

Purely theoretically speaking, you can construct a system of

thiskindlbut_when_yu_then_try to put it into operation
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better student performance all down the line. The novelty in
PLAN is that we have introduced a kind of management instructional
system. But we have not made any alterations to the normal
presentation of the teaching material. Nor have we made any
alterations to text or audiovisual elements.

The problem of course is to analyse the activities which go on
in the classroom. This means that we have to find out what things
are of an instructional nature and which are of a non-instruc-
tional nature. In an ordinary classroom situation, 90-95 per cenfl
of the communication comes from the teacher. In a situation wheNe.,
individualizing material occurs, 70-80 per cent of the con:miniCa=
tion domes from the students. Two-thirds of the communication
in a group is of a noninstructional character, for instance, "get
out your pencils", "open your books" and so on. There is nothing
intrinsically surprising about this. A lot of instructions are
needed to get 30 students started on something. In the PLAN
project the instructions are given to the student in writing
and consequently do not take up anything like the amount of
time they. require in ordinary teaching(in PLAN two-thirds of
the material is of instructional character and only one -third of
non - instructional character). The strategy of conventional
teaching seems to be for the reacher to let the subject matter
pass through the student, while in individualized instruction
of the PLAN tale you try to do the opposite, i.e. take the student
through the material..

auastion: Are any new CYM projects going to be started in the
USA?

Shanner: Certainly. Of course, PLAN does not solve all the
pralems in the CMI sector, rather it is to be -seen as a prototype.
One problem is that we have to develp learning situations which
are less dependent-on printed material.

The PLAN project includes obtaining details from the computer as
to what-the students can do and what the teacher should do.
We-can-then read off exactly what students have done during a
given time, what results ,they have achieved and so on. This
means that the teacher need not go to the trouble of collecting
the:. infoxmation. It is already available via the computer
terminal. The teacher does hot need to have a registration system
of his own.

Another important experience we have gained-is -that the students
leatn:a great deal from each other. Some students can even _

pefferMiteabhing-taskein_the Classrd. -Students mayperhaps be
more_fifficient!at-redbildtg-_-theit Classmates than-the teacher is.
A stUd46t4hdia having-- difficulty- with a -particular- item, say
itett44=:6aii_ibok at-A list shbwing which ctudentt have-done-this
item and-lhaitah then-ask -:one of _them. He should not contact the

teacher- unless the student in qUestion:is_unable to help him.

L
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Dr. Dexter Fletcher, Stanford University, Palo Alto

Dr. Fletcher is Research Associate at the University, which
means that he has practically completed his doctoral thesis.
He has mostly been occupied with the development of CAI material
in language arts. He has been involved in the CAI project since
1965.

Fletcher:

Our CAI project can be said to comprise two Oases. In phase 1
we had an DRil 1500, which was very expensive and cost 2 000
dollara per year and student, an amount which could be justified
to a certain extent on the grounds that research was being con-
ducted in connection with the experiment. It was not a suitable
computer for computer-assisted instruction. This first phase
comprised an initial reading course and mathematics courses from
grade 1 to grade 6. The computer equipment also includes a CRT
screen and a light pen and a slide projector (random access).
Thus our data system was a very well-develyped one and we believed
in the idea that the better the eqUipment the better the instruc-
tion. In the experiment the computer took charge of most of the
teacherls functions.

The experiment taught us an expensive lesson and we realized that
we could not go on this way. In the next phases therefore, we
endeavoured to make tWe experiment as simple and inexpensive as
possible. It was at this stage that we started using teletype
only. We have also given up the idea of putting all or virtually
all the subject matter into the computer. We have learned that
only certain parts of the subject matter are suitable for
computerization. It seems reasonable to programme the parts
you know- you can give a good presentation of. This means that
you have to analyse the course and select the parts that are
suitable for computerized learning.

The computer with CRT screen is superior td the teletype equipment.
This is particularly true in the case of language teaching. A
text can be presented more quickly with CRT and if you are going
to learn a foreign language via computer, some form of sound
equipment is needed. Access to a cheap CRT-screen and Sound equip-
ment controlled via-a computer would open the way to big develop-
ments in this sector.

But one can also conduct many interesting experiments with tele-
type =e quipment. After all, _we know so- little about teaching and
learning. But there are a lot of questions concerning e.g.
the problems of ha* long- the "steps" should be, how_much time
the student should spend. at the computer, problems surrounding
qUestion and answer techniques avd many =other things requiring
a great deal of methodological development which is not
intrinsically-Capendent on athranced equipment. We will have to



do more research into these matters. The really interesting
thing is to establish a dialogue between student and computer
or between student and programme, something which Suppes in
particular is interested in developing. My attitude is that'
we still do not know enough about natural language to be able
to create a truly meaningful dialogue system for CAI. 1

One item of criticism that has been voiced in many parts of the
USA is that you hardly need such complicated-apparatus as a
computer to transmit the subject matter which is being transmitted
by computer in present CAI programmes. A simpler teaching machine
costing just a few hundred kronor is quite enough. How do you
feel about this?

One has to remember that we are only at the beginning of what
will probably be _a long process of development. People did not
talk abbut cost/effectiveness when motorcars came in either,
and it is a mistake to talk in termb of cost/effectiveness at
the beginning of a long development-process. The discussion
whichhas occurred as to whether one should keep to "Cognitive"
subjects is a practically impossible one because nobody can
describe what a cosnitive subject is or what parts of a subject
are cognitive.

Have -=sr_ott =darried--out any experiments in other subjects besides
reading,- --=--andllanguage

Fletcher:

Yes, we-have penetrated a wide range of subjects, but perhaps the
most important thing is that we have built up a techniques for
CAI whiOh can be applied to any subject.

The CAI programme is frequently criticised on the grounds that
it is not properly integrated with teaching generally, that is
with the teacheris actions and with other aids.



Dr Bruce Harlow, Director, Stanford School of Education f3r
Research and Development in Teaching. Palo Alto

Mr Harlow began by going over an organizational chart of the
institution and gave an account of three separate "programmes"
problem sectors at the centre of its research and development
work:

1 Heuristic teaching
2 Environment for teaching
3 Thraiiigstudents from low-income areas.

The object of the first ot,these programmes is to create a model
programme designed to create teaching which will make the pupils
interested-in arriving at their own answers to certain questions
_(the word heuristic comes from the Great "Eureka" -I have found
it). An investigation is also being made of what things can
be done by the human teacher which the computer either cannot
do at all or cannot do as well. Programme 1 has also included
the collection of data on teacher behaviour and measures taken
by-the teacher in the teaching_ context. Work has been in progress
for many -years on the compilation of a comprehensive data =bank
for the project.

The second programme is-concerned with the surroundings in which
teac n be conducted. =_ Micro- teaching_- is - -being considered, as
are = =the different personnel-categories assia i e acher. The
third' - programme is devoted to research into=- =the= teachi stu-
dents from- ofv-incomeareas. In-t sector Dr1/ D Hess written
a. esis-on the computer_as a-socializing agent.

--

Hess' survey_covered-children of Hispanol-Mexican origin
Junior-High ool.=The computer=based courses-are in- mathematics.
Attitudes to_the-com ter as a source-of i ormatibn are compared
viticattitudes= the tumm_teacher. General Speaki -E*N1

ldrerra ifte e ositive attitude =to -the computer a
Source of rtation n = -to their teacher.
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lesson via the computer one writes "get", to execute one writes
"ex", to save a lesson or part of a lesson one writes-"save"
and to insert something in the computer one simply writes "i".

Dr. S. Coulson, Systems DevelonmentjCaro,- (SDC), Santa Monica

C oul eon that CMI (0 ornrktter-Managed Ins tract ion)___ ought- really
to be termed --CAIM--(CompUter--Assisted -Instruction- Management). The

Term -"-coMputermanaged- Ins truCtion" gives one the impression that _

the -coMpnter- makee---aII the _deciSionS about_ --What _is to- be taught.

As C-ouISOn- -sees it, _decisiorib remain_theteadher!s -responsi-
bill ty.ZThet -main- diffetence_between= ordinary teaching_ is

that --their-teacher receiveb-- feedback -and: prestriptiVe_linformation

about _what should ,_ be done- in---order- for the student to attain_

different = rearning-goalt.-

ruction

mathematic



gpestion: What kind of individual data do you think are of
value in making a CMI system work in the teaching context?

Coulson: The data we have in our IMS system are enough. We do
not know what further decisions we require the help of the
computer with. Certain systems have been made to include different
kinds of personal data: interests, attitudes and so on. But I
have not seen any system that has been able to utilize this
information ina meaningful way.



and instructions as well as providing a diagnosis of-the student
on the bases -of -a battery of tests. PLAN costs 100 dollars per

student p.a. wheieas IMS costs 1 dollar per student p.a. PLAN
is tailored to a particular data system while IMS can be used
in various data configurations.

Questions Do you believe in the computer as a test instrument,
i.e. can computers be made to perform more advanced tasks than
correcting multiple choice tests and working out tests scores?

Coulsons Allen Page has done a study in which he has tried to
ihowdTfferent development possibilities, He contends that -

we do not need to use such sophisticated tests as we imagine.
0f-ten teachers do not use a particularly advanced system for
marking precis-writing or essays. Allen Page programmed a
computer for marking essays. He went by the number of words,
syllables and unusual words used on average. By using 5-6
simple criteria of this kind he attained a high correlation,
about 80 per cent, with manual marking. But it would require
an enormous data capacity to take into account all the syntactical
problems involved by language.

Dr.:Richard.-_ Schutz, SoUthwest- Regional Laboratory HdUcational
Research Yarid- Devel-OpMentritSWRL),-Santa_MOnica- -

SWRLI_ evelOped--a= _-_pro-jeCti4 'ch---_i_s--=mainlyJconcerned---=with

read -sz-sySteili-i_-,-,

-

iwn ,=I MS nstructionaIi3Ianageaert --

SyStem - oWever-. a teL to- anysubject.-: is A-type ;of_ _-=

=planning el--fer=a-,su jet e4modeI---,ha-s-Aiee-rimade:16:=indlude-
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Tests administered once or twice every week enable the teacher to
follow the student's work in detail. The tests are marked via
computer. The teacher obtains the test results inmiediately. These
results also include the average score of the group on each
general objective. The computer supplies the teacher with informa-
tion on the students' performance in each test (both general and
specific). He also obtains each student's test profile together
with information of the student's performance in previous tests.
Study recommendations are also given via the computer for each
student. It is then up to the teacher to decide whether to follow
these recommendations or modify them. More detailed instructions
regarding auxiliary tasks for the student are not computer-
based, however. A code-number via the= computer gives the teacher
the orientation he needs.

ridependeritly

Taown pro
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d) using the satellite terminals -locally for teaching purposes.

On the other hand there are- no standardized and common data for
all then-school- districts-- in -the- system. There-are- a- number of
standardized inational tests but -the -schOol- districts- are -at__
perfectillibarty- to use whichever tests- they likei --so--that the
test -re-sults= are not ,-incIuded--as a common- component in the
data baSe. f-Grades are-i not -unifotm either: -certain parts
the state_u-se -a- combination of letters-of- the- alphabet while
others --make-I-use- of -a combination-of figures and-others again
use a -combination -of -both--letters_ anUfigures.

Computerbased-- teaching material- registration: exibtsi among other
things= -form-_ of =a-- reeister 1-of _teaching:materials for
reme dia,-1-===inatritcti on-Atone handicapped= children.-rThual lists _of-
teaching-Anaterials _oan-_ --be=_printedzi =but-=_ ordering__
routine -6-have:not been aUtomatedsi__ although_-good=progress- has
beeni_ina-de---iii_this direction._

The-=centrie-A.s- also -bui-l= -,_ 'Job----banki :thei
aiii-lbel7 ---_1'createciaf-regiat-dr-==w --, -6-used--=_Ar-i-a-_thei-remote---
terniiria-; -'' ---s_E_--Wa a trden -s-i=a31 -_vo-oa iOna =-TcoUnsellori3=-WilI--

bia, -a= --o-In ---ister----i--ivin -----va--= --- i --en---=, __---

rwar

105=2



Dr. Paul Merril, Florida State University, Tallahassee

In Dr. Merrilts -opinion the following areas of application can
be distinguished for the computer in the education sector:

Lata analysis
The computer in school administration
Resource scheduling
CAI*
cra
Simulation
Problem solving, i.e. the computer as
Information and documentation

Resource scheduling implies the use of the computer in distrib-
uting and keeping track.of the teaching materials, equipment
and premises used within a school system and often pooled.

Automated =- testing- implies= =that the computerTresents the student
with= current items,= ==computes= his= score and "diagnoses" his

knowledge on the stren h of his answers.

en-en e answers
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definition of a word, the programme must contain a sufficiently
large number of synonyms to cover the definition. One method is
to programme in a given number of answers and let the student
write a limited number of key words. There may be a certain
eonnection between these key =words which the computer is able to
sense. If the student uses incorrect key- words or gives an
incorrect statement of the relations between key words, the
computer can supply the appropriate feedback.

Another things we are working on is known as sequence testing.
Sequencetesting means that the student is given a number of
questions focussing on his knowledge within a particular test
sector. If the test is concerned with mathematiaal models, the
computer programme will take into acCount not only the student's
previous-answers and test score but also the certainty. and
knowledge he dispaays.-The = computer also registers the time it

ta en the student to answer. the basis of preceding
answerst-test scori-and-the-qualit f the answer the computer
than-indicates the test item to _be _presented -_-to= =the = student

in e next step.

eextreie

m ici
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We have also tried using the computer as a research instrument.
The computer gives us greater control over the variables
included in an experiment. Thus with a computer one can achieve
exact control of the material which a student has to learn. The
computer can also regulate the speed at which the subject
matter-is to be presented. One can also check that the student
does not go back to consult earlier material (if by any chance
one should have occasion to check such things). One can also
use the computer to handle experiments including many different
kinds of data from treatment and actions. Thus the computer can
be used to register data and students' answering times.

Dr Philip Duchatell, Florida State University, Tallahassee

Dr. Duchatell works at the Computer Assisted Instruction Center
(CAI-Center), which is_a special unit ancillary to the university
data centre and exclusively concerned with computerized instruc-
tion.

-Chil--2rojects

An interesting_ experiment =1st-in:progress:in the field_ of what
is -tettecI-pfogrammed- inatruttioni: -The-student is=given-, ordinary
teadhing=matetiaI=_,_Ctext books, ---Wdrk -books- -et4: which -he reads
(off-line_; At= regular = intervals- he_yiets_ thie-CAI centteis--:
tegietete:and_is --givenlaseti-Wol-=:qtteatlons _visthe scotpitter,-
WhiCh-- also-supplies----ensWerais;=thtts-?proViding_a-- type of =feedback.
In_ =this_ -way "he can ---see =- approximately -where he standa and hoW

much he -knows, If he-=makes as=mi-stake__the -is: given either _a-
correction or a comment.-The CMI coure sometimes covers -an',
entire tett.= =The _cOurSe2=i-S---diYided- intoL-20-imodfiles_._-: A number=
of -=objedtittes= to Is- e =by the-eh:Idea-have= been- dtattit
for -ea-ChtimodUle; --_Iii:Orie-=_andl-thes-a-te-sniodttle--_the -sett-dent
confronte -zittith-20:AneetibitaTWatudenti= __--=ascertain- for_
himself-whether ihei-lias1=-attained==theiitedetettainedi-goals.,--Thne
a gteatt_fdeal-s-Of:- thei_ftespondibilitt fot-=-=leattilng----1-s-,_-e !Artist e-d-= to
thettudent== rnself-Thei=3Stitderite±sdotnotized-opeti-exideds-annWers,
only-itUltiple=c ta-e-orie Re s earahr=
of =muItiple-choiceTanswers_vbut==thissie_sa7difficialtptoblet--- -
becauee is---hatd_-to---givez_reasonabIe-clear and-linambiguoue
ansv-retsof:ithiskind--;=-:==,The--:root==problet-,- -of- =course== -=is -that -_the
stddent -Understands-the-Odtptiter-ilbetter-thani=the -computer under-

The--:-cOuteez--has_i_been slised-::for-two4ears-.-=It _==also includes -teaching
the student_ to-write a short -ptOgratme-,:thOugh=thie ptogratme-
is not - written tori-a--_:computerTheldata---teceived-thrOugh the
sittfident5e-_answersAnz--theMprostatte-i4te--dollected =do- that
theti=dati- he-analysed s to- -see -chows well the-student has coped- -'with
thet=i

Theie -ttipment usedricontpribeel_-
_- avet:

opera er=tibe

S-- anti -±flodulei-cnarige-
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CMI programmes. CRT screens operating together with the IBM 1600
are also included. There is also a teleprinter, a card punch and
a punch card reader. Finally there is a PDP-9 which acts as =a
module change -over- between the IBM 1800 and the teletype terminals,
which can be 240 miles away. The latter equipment is used by
students at junior level, where a certain amount of research is
in progress. Altogether there are 16 CRT terminals and 15 tele-
type terminals within this centre. The installation has been in
use since about 1965.

Mr. Floyd Howe, Director of Computing Services, Miami Dade Junior
College, Miami

Joseph Duerstock, Associate Director of Computing Services,
Miami Dade Junior College, Miami

Question: Has the computer -been used as a calculator at the
Universay?

Duerstock:_ For over a year: now the__ institutions -of physics and
mathematics_ have--beeit-Using_l--the-dmpkiter- for _this purpose. -They-
haysi'reported highly -__positiVe_-experiences.-Both-- teathars -and
stildentS=Work=With---thcOMputer ----a ciiiipMent (IBM 360
system-3) .----Sometimes=-!batch==prOdessingAs -Practited.-,--Orie experience
t t'-ihasibeen reporte-d-is-that=-=dropaout-among_f the =students-,:
declines when thsCoMptiter is- introduced Into teaching. In on_ e
course---(accounting)- the-- dropknit __rate-was about 50 per cent.
Sinciomputer-based---c-OurSeb- were- =introduced it has-fallen to

luestion: What experience do you have of the computer as an aid
to school administration?

_==

Dadra tocks Broadly-ng-the introduction= of-Ahe_ computer_
cif-_sound--,_planning. A _

positive attit_ tide==to---thsichangaiover=to= a -computer-based-System
is=Importantt tratorai_ leacheri-rand-_Othera concerned

-out=of-_-=t he cotputer-
is,i-raIuabletand-4mportantlizilithei-±=*Ork.-_=But----they-ihaVe t to
axPeriencs==this- -if the-_neir=syStet=iris- to be-jaccePtsth-

FrOIT=thefnadMinistratiteipOinkof-view-rwe7are_ in- -faVoUr-of -a -
stident_=registration;systenrconstituting -the_ entire -gambit- for
theAnticidildtion- ofs-a=_computer-basad--information-_-system. Our --

da _tem= =includes_ =the- admi=ssion ---of _applicants, grade _

rePorti .±-,salary --,roUtinesi---__LS-t-Ored-Tinventory.---regiStratton of'
students ! r-teat-Scc:itet=_-ari&sbon.-=:- = -=--- = I =

estions -Have you tried computer-based tintetable construction?

ierstockt e id it recently, 'hut that was only two months
heve_- carried= out = =two e eriments e first one was only

secon c was very s'
per cent=succes6 ful But = -we- are =are still uncertain -as- to

can e ie.

Zcerit-jauOe__0Sfui
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The greatest difficulty lies in developing a system which will
rapidly supply us with the information available. One system
which is thought to be quite cheap is Memorex microfilm. We
are planning to transfer a great deal of information to microfilm.

Something must be done to prevent our libraries bursting at the
seams with reports and documents.

Dr. J.-- 'fresher, U.S. Office of Education, Washington

ERIC (Educational Resources Informatiron Center).

Tresher: Something which people tend,to-forget about ERIC is
that, while it began as a pure information system, since 1967
it has constituted an information analysis system, i.e. researchers
at our-clearing houses read joUrnals, books and so On within a
particular sector, synthesize the imormation, assess it in the
light of their experience of the sector and analyse it. A large
proportion of the publications issued by ERIC are primarily

analytical.

One of our problems, however, lies in obtaining the financial
resources for publishing our work. Another is to find the time
af,d money to answer all the_ inquiries that come in. Last year

we norietheless replied to 60 000 - 70 000 inquiries, but this

wad still not enough. A third problem: we are constantly meeting
people-Who say that they have never heard-of ERIC and. that they
could have used our services if =only =they had known of our

existence.

Question: Have any updating problems cropped up yet?

Tresher: yes, we have noticed them. But ERIC is so new that we

have not yet had to =- discard = any material. But sooner or later

the problem will arise.

Question: How much does ERIC cost altogether?IMO o 4110

Tresher: The budget for the entire system is in the region of 4

;anion dollars annually. Each clearing house (there are 19
at_present) costs about 180 000 dollars a year. This does not

include certain donations.

question: What are your plans for the future?

Treshers We have certain plans (not= too articulate as yet)
for the establishmdnt of Educational Agents, that is educational
experts following the= example of the agricultural sector by

travelling round to, the sohools and giving=good advice about

how to-solve certain problems concerning organization, methodology

or teaching materials-. = _We= are conducti _certa-in-experiments at --

present but we do = not know how far we can go. Another problem

is that our existing 19 clearing houses are not equal to the task

of,serving as information_centres._-Centres =of this kind-could

be established -Withina-ifichbol district= or a state. They could

use-the same data bade of information-as ERIC., At the moment-we

are studying whether these informAti-on centres are to function

on a local =or iegional basis.
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We also want to advance further as regards the analysis of
information and the evolution of better products. We have
realized that we cannot concern ourselves solely with products
dealing with research. We Also wamt to reach the practitioner
outside, the teacher and the school administrator. Significantly
enough, we altered the original name the Educational Research
Information Center to the Educational Resources Information
Center, a change which reflects the change in our objectives.

Dr. Roger Levian, Rand Corporation,. Washington

Dr. Levian has led a project financed by the Carnegie Commission
and aimed at investigating the possibility of using computers in
higher education. One of the tasks of the project was to
structure the sector "the computer in teaching". It was found
that a distinction should be made between:

1. the computer as used in administration and documentation

2. the computer as used in teaching =_
techniques
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giuestiont Does not a system with a large central computer and
many terminals mean formidable telecommunications costs?

Deviant If you use multiplex techniques and let 20 teletypes use
a voice grade line, the cost is only 1/20 of that involved by
one time. There are also other ways of reducing telecommunications
costs9 e.g. by means of microwave techniques.

auestion: CAI has been Severely criticized in:many. quarters
in the USA. How do you view the possibilities of developing
of the computer?

Levians -I never use the term CAI9 for many educationalists it is
like a red rag to a bull. Many people see CAI-as a way of present-
ing simple courses with a stereotyped programmed teaching material
which only caters for mechanical learning. Lc not let us speak
about CAI9 let us= speak instead about different ways of using the
computer for teaching purposes. newa is drill and practice,
another _is tutorial mode ots state university in
New York, the computer each students-the theory
of nts& u er- as been constructed

esti-orts

different o
most -_promising ec or--

ssi

students
iritiata-c ititCw
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Mr. Thomas Byrne, Kiewit Computation Center, Dartmouth
College, Hanover

71

Byrne

In 1964, when we began to make use of the computer, we were
convinced that it was important for all students - and not just
students of the natural sciences-and technology - to be able
to control and programme the data power. This philosophy posed
two problems: how were we to introduce the computer for 3 500
students and how were we to create the financial resources
needed to do so?

We soon realized that batch processing could not be used because

this would mean 3 500 students queuing up in front of the
computer with all the small jobs one could expect them to come
along with. A better way of tackling the problem was to use a
'so-called time sharing system. The first time sharing system in
the whole of the USA was created here in 1964. The development of
good software was just as important as obtaining good hardware.This
was done by creating a programming language, a simple language call-
ed BASIC which is now used everywhere in the BSA and in other parts
of the world.

To induce the students to use the computer-we made problem
solving obligatory for all newly enrolled students. Within
four years 80_ per cent of the students were using the computer
in various connections. But one also has to convince the members
of the faduity. Indirectly they became interested when they
saw their students-solving more problems in a better way_and in

a- shorter space.of time-than usual. The teachers themselves

began using the computer in their teaching, among other things
for CAI - oriented tasks. For instance, geography students were made
to learn cartographical aymbols with, the aid of the computer which
left the teacher more time for more important tasks. All the teach-
er had to do was to says read chapter so and so in the book-and run
programmes 1-5. Then -he could. go on-to present more important sub-
ject matter. In other wordsrthe computer gave him more time for the
introduction of new areas.

In Dartmouth there are 150 terminals distributed between 25
buildings on the campus. During a typical day about 2 000 users
can check in on the system. Thanks to the large number of
terminals we acquired a surplus capacity. To prevent the data
'power lying idle we applied for and obtained a grant from the -7-

National Science Foundation_to spread the system in New England
to the lower school levels (including secondary schools). There
are now five regional sub-branches which also cross the boundaries
into other states . The system is used by about 10 000 students.

Our point of departure for using the computer in teaching was
that the computer-aided activity should form a natural part of the
teaching processoas natural a part as, say a library. In the case
of the faculty members the availability of- data power can give rise
to a so-called spin-off effect in the form of increased research
because they do not have to apply for special funds to be able to
do research with the aid of the computer.
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This research can then have results which gain the University
grants e.g. from federal funds.

This generosity on the part of the University regarding the
use of computer facilities is connected with the fact that Dart-

mouth received the computer free of charge from General Electric
as a kind of gesture of gratitude for our evolution of a workable

time sharing system. If the University had had to buy the computer
the costs would by now amount to some 1 3/4 million dollars.
As it is, computer costs now stand at no more than about 500 000

dollars.

We regard it as a factor of strength that the Dartmouth system
is tailor-made for primary use within education. Another advantage
of the system is that it is subject to constant revision because

students and teachers from all faculties are continually using
the programmes. In-this way errors and inadvertencies in the

programmes are more easily spotted and rectified.

Off-the-peg CAI programmes involve certain problems. It is
difficult to make them so general that they do not need to be

adapted for use within particular sectors. We fiil that we are
solving this problem by letting everybody-who uses the computer
tailor his own CAI material. Partly for this reason we are
running a special project, COMPUTE, in which the teachers produce
material for their courses with the aid of the computer.

As I have already indicated, certain lower school levels are

also included in the system. We are now-going to test certain parts

of Pat Suppes' material and adjust it to the time sharing system.

9uestion: Do you have a management information system at the

UniverstIty?

Byrne: The President of the University, Dr. Kemeny, who is one of

the foremost experts in the data sector, is at-present assembling

a working party to try and evolve a management information system.

Kemeny hopes to be able with the aid-of-a mini-computer for admin-

istrative routines and the University's large computer (time

sharing) to create a model of the University's planning and admin-
istration with all the variables needed to forecast e.g. the

development of pupil-numbers and so on. In this lay he hopes to

find the answers to many what-will-happen-if questions. Even now

the computer is being used to forecast how many of those enrolling

in different,courses will complete them. For instance, the computer

is being used in the physical education sector to analyse the possi-

bility of winning against other football teams (believe it or not).

We are also contemplating the idea of using the computer to envolve

a selection system for applicants to Dartmouth, Yale and a number

of other universities sharing the same catchment area. The main

component of the system would entail evaluating the applicant's

preferences and informing him of his prospects of being admitted

to.the universities included in his list. This could be termed a

form of study and a vocational guidance.
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"COMPUTERS IN SCHOOLS" (DIM - Pilot Study 2

Background

It would be difficult to overstatse_the importance of computer
techniques in commerce and industry and in public administra-
tion. Although it was not until the 1950s that computers began
to be used seriously, computer techniques have already come to
dominate developments in a wide variety of social sectors. No
single aid or invention has ever made such a swift impact or
led to such far-reaching transformations.

One large and important field of society has been relatively
unaffected by computer techniques: schools and the educational
sector. Our national school system comprises 1.3 million pupils,
100 000 teachers and 5 000 schools and has a total budget of
about Skr 9 billion. Accordingly it is1 somewhat surprising that
greater use has not been made of computer techniques in this
sector, for the rationalization requirements which have been
the decisive factor in the introduction and diffusion of computer

techniques in other sectors are also evident in the field of
education. However, there is a great deal to suggest that com-
puter techniques will also be utilized in the educational sector
within the near future.

Since the end of the 1950s, experiments and research have been
in progress witnin the sector which for the sake of simplicity
can be termed 'computers in .schools",in Swedish "Datorn I sko-

len (DIS). The computer activities concerned are many and varied
and affect a wide variety of sectors in the educational system.
Computers have been used in schools in-=England, Germany, Japan

and Sweden too. A preliminary account of the uses to which
computers have so far been put has been given in Pilot Study
no. 1-(9.12:70) and in a report on a study-visit to the

U.S.A. (15.12.71).

Aim

The purpose of Pilot Study 2 is as follows:

1 to provide a survey of the use now being made of
computers in schools and education

2 to evaluate the experience gained

to suggest action to be taken
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The above division is only tentative. No hard and fast lines
can be drawn between the different areas of application. In
certain American CMI projects, for instance, the computer is
used both as an educational aid and control member (for marking,
registrering tests etc.) and as a teaching aid (computer-assisted
instruction). If the computer is used for simulation support
this may concern sector 2.1.1, but simulation also occurs in
CAI (sector 2.2). Ultimately it is to be expected that the same
computer (mini-computer/terminal) will be used for many different
purposes in schools. At present, however, some form of division
remains a practical advantage, among other things for the sake
of simplicity and convenience of arrangement.

ietm1)ThgSunmaconcetirnilecomterforosesof
school administration

Within the DIS sector 4Z is above all the instructional use of
the computer that attracts attention and large research-grants.
Yet in fact the computer-is mainly used for administrative
purposes. For some time now extensive work has been_in progress
in the U.S.A. on the use of the computer in school administra-
tionBoth universities and ordinary schools are 'tiiihg to
employ the computer as an*aid. The work-which is being done
entails the construction of local computer systems as well as
computer networks. The bulk of co-operation in the latter
respects centres on the hardware, but in many quarters there_
are also plans for co-operation regarding software and systems.

Both in Chicago and elsewhere in the U.S.A. where the computer
has been tested as an administrative aid in schools, an optiads-
tic view is taken 0' the possibility. of harnessing computer

techniques in this context even- though it is as yet hard to
establith any financial savings resulting from the change-over
to computers.

So far relatively little experience has been gained in Sweden
within this sector. Such experience as has been acquired to
date; e.g. in municipal - schools for adults, where pupil, teacher
and student grant registration together with various other
routines have been computerized, has been favourable.

One prime condition for -the utilization of computers in school
administration is that highly comprehensive planning and ratio-
nalization-work must be feasible at low cost. We know from
industry and commerce that the introduction of computers in a
firm has not invariably resulted in greater efficiency and.
lower administrative costs. One survey shows that only in
about 40 per cent of cases can firms establish =direct ration-
alization savings resulting from the adopt on ofcomputerized,
administration.

1) The Swedish report gives sector-by-sector summaries of the
utilization of.computers and the experience gained thereby in the
USA, Sweden and same other countries. Space will only permit the
inclusion of: the summaries in the English edition.



Summary: the computer used in information and documentation
systems

Computerized information and documentation systems have existed
for some years e.g. in technology, medicine and communications.
In the educational sector too, a large system, the American
ERIC, of international importance has been built up. The services`
of this system are utilized in Sweden, among other countries.

The LIBRIS system contains the embryo of a common computerized
information system for Swedish research libraries. The possi-
bilities of international co-ordination and co-operation will
be kept under observation.

There are plans at international level for the development of
two wide-ranging IoD systems - UNISIST and EUraSED.lhe first
of these is primarily intended to cover the natural sciences
and_technology, while EUDISED is planned mainly to focus on
pedagogics.

The IoD systems,-which to begin with were exclusively retrieval -
oriented tcomprising indexing and-"abstracting"), have-now-been
developed with-a view to analytical processes (the-dissemination
and utilization of knowledge).

This sector has great development possibilities. There is every
reason for closely following up and in every possible way suppor-
ting the initiatives taken within it.

Summary: the computer as a calculator

In most parts of the world where the computer has begun tdhe
used purely as a calculator, pupils have been given an intro-
duction to computer techniques and in some cases computer
training as well. In many cases this instruction has also in-
cluded training both teachers and pupils in the rudiments of
compiling a computer programme which can then be used for
calculation purposes. In some cases this instruction has been
taken one stage further to include certain elements of drill
and practice exercises.

Pupils who begin by using the computer for calculation purposes
accumulate a knowledgeof computer techniquetwhich can later
be used in various ways, be it in calculation tasks, simulation
support or computer-supported teaching programmes.

We therefore have very good grounds for supposing that -the com-
puter will come to play an important part as an aid to calcu-

lation in teaching, especially in technical subjects, mathemat-
ics and other subjects requiring a great deal of calculation.
The main need is not only to develop progresses suitable for
use in schools but also to integrate these programmes with
teaching generally. Teacher training is another task to which
a great deal of time and attention will have to be devoted.
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Conclusion

The National Board of Education should initiate experiments
to test the potentialities of the computer in pre-eminently
technical subjects, mathematics and physics. Experiments at
grassroots level should be aimed at eliciting answers to the
following questions:

a) Which subject sectors, subjects and subject items are of
such a kind as to make computer equipment of the utmost value
to pupil and teacher?

b) What kind of software is to be used (ready-made programmes,
programmes provisionally compiled by the teacher, simple prac-
tice programmes' produced by the pupil)?

c) How is the computer to be integrated with the subject
(a practical'and pedagogical problem)?

d) How are teachers to be given further training and how are
pupils to be informed?

Summary: computer-supported simulation

The use of the computer as a support for_simulation and games
can be said to have had good results in the U.S.A. and else-
where compared to the results obtained in other school sectors
of application. In the teaching of economics subjects the com-
puter is already to be regarded as a necessary aid which helps
to enhance both concretion and pupil motivation. The computer
is used in this connection 1) to store information which is
used for subsequent decisions, 2) to analyse poitions of this
informationas required, 3) to produce simulation models giving
the Pdar-imoie concrete insight into the decision situations
which frequently confront e.g. the manager of atirm.

,,

The advantages4orlirlompUteldied simulator models are e.g. that
they enable the .06a1=1)-to familiarize himself with the situa-
tion that arises, 2) to take decisions on a relatively realistic
basis, 3) to peiceive the consequences of those decisions in due
course, 4) to make further- decisions on the basis of this per-
ception. One often neglected advantage is that the computer
'makes it possible for the pupil to obtain a pattern of action
which he can follow in spite of the abundance of variables.

Other advantages offered by computer simulation and computerised
games include the following:

1. Parts of subjects which today are pre-minently theoretical
and are often presented -in the form of- descriptions, lectures,
inttructional lessons can be concretized in such a way as to
enable the pupil to see -now different-structures are built up,
how different quantities of data create trends and how he can
take-and see the results of certain decisions in the light of
selected information.
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2. Computerized simulation gives' simultaneous practice
effect which is often lacking in the ordinary lecture or

classroom situation.

3. When pupils are presented with relevant data and then

placed in a situation where they have to make decisions,

a high degree of motivation is created for their studies.

4. The pupil can work through the computerized game regard-

less of time and the availablilty of teachers.

Computerized simulation also provides an opportunity for
practising a species of time-compression technique, i.e.

a method whereby the pupil can telescope the time elapsing

between two decisions. Thus the decisions which have to be
taken by a-managing director over a period of 20 years can

be reduced to four hours or less with the_aid of a computer.

The time compression technique is often part of the simulation

method and is used e.g. in connection with Agricultural_plan-

ning, in environment conservation and in other sectors.-An

experiment predominantly concerned with time-compression tech-
niques-is now in progress at the University of Michigan, where

experts are being taught how to 'evaluate training programmes,
school forms, and systems. In other words, an attempt is being

made to investigate and if possible predict the value of a
certain instruction. The aim is to evolve by simulation certain
methods or alternatives which are most suitable for the solu-

tion of a'particular Problem.
. -

The computer provides the pupil with an opportunity of dealing

with very complex relations which can include hundreds of

variables and which he- would otherwise _ have no chance.of
working on. Computerizel simulation and computerized games can
be regarded as a key or test sector of the educational potential
of the computer. The experience gained so far is highly prom-
ising and on these grounds alone one can even go so far as to

say that there is a future in the hidebound and much maligned-

computerized instruction which instead of utilizing this tech-
nique has often been occupied with presenting the pdpil with
a gobbet of information at a time and then asking-questions
and letting him give short answers. Computerized simulation
harnesses the potential of the computer in-a completely dif-
ferent way from so-called computer-assisted instruction.

Conclusion

Educationalists who have tested computerized simulation or
eomputer-srpported games have been highly favourable in their
pronouncements. Computerized simulation. is viewed praCtically
unanimously as a sector with great development potential.

Summary: the computer as im-pedagoalcalsuPport and-control member

This-is a difficult sector to-define. The computer activities
involved-are not peculiar-to it. One:of:the commonest terms,

041 (Computeii-Managed_Instruction)-is highly-ambiguous. Some
American projects, e.g. the PLAN project, use-the Computer

ti
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merely as a feedback device which teachers and pupils can
use to find out the pupils' test and examination resluts.
The computer is also used to provide curricular instructions,
directions and aids, teaching materials and suchlike.

In the PLAN project pupils are-to work with conventional and
commercial teaching materials which are not computer-based.

The IPI project also includes the above mentioned elements but
combines them with computer supported teaching, i.e. the pupil
is also given courses and material via the computer, including
material specially constructed for the pupils taking part in
the experiment. In the latter case elements of CAI (computer-
assisted instruction) are also included.

The advantages which are thought to accrue from CMI are as
follows:

1. Many time-consuming administrative and informative routines
performed by a teacher in the classroom and outside it can
probably be reduced or simplified through CMI.

2. The pupils' motivation for a subject is increased by prompt
feedback, i.e. giving them the results of different tests and
at the same time letting them know what more they should read
to improve their knowledge, remedy their deficiencies or deepen
their understanding of a subject.

3. CMI gives both teacher and pupil a- better chance of indi-
vidualizing instruction. There are good grounds for saying
that teachers today have neither the time nor the administrative
resources for more differentiated or individualized-,nstruc -
tion)learning in the classroom or it.

4. Another advantage of CMI is that the teacher can immediately
correct his teaching -when -he finds-out how pupils have reacted
in certain computer tests. Thus he can revise certain items,
give certain pupils extra training and so on. Certain educa-
tionalists are of the opinion that CMI simplifies goal analysis.
Cthers,however,are more critical and feel that goal analysis
conducted With the aid of CMI is liable to attach undue impor-
tance to purely.,cognitive goals. This would give goal analysis
an unwelcome cognitive bias.-

There are, however,-considerable difficulties. to -be overcome
within the CMI sector.-One such_ difficulty lies in- deciding
what data concerning the pupil are to be included-in an indi-
vidual system of CMI character. Thus certain experts feel that
the data-builtiup_Within the -CMI- system -and consisting-of-test
data of various kinds are aUfficient.-Cthers-contend-that data-

concerning the pupil's socio-eccinomic,bickground and his mental--
and emotional-maturity-should-Alsobe-_-Includ^! Bit it-is-very:
difficult, for reasons of-diseretioni-for data of this kind-to-:
be included.. Owing to our inadequate insight into the:teaching:7

__
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and learning processes, it is extremely difficult to produce
a tailor-made system and assume that the pupil will be able
to cope with a certain type of performance or with particular
tasks or test items. It is even asserted that this prediction
of the next step to be taken by the pupil is in itself a majo7

problem. =

CMI is not thought to work very well unless cerafh conditions
-are satisfied:

Teaching in the classroom and outside it must have been care-
fully planned and this can only be done in the form of a de-
tailed analysis of what is included in the teaching concerned,
i.e. the items involved, the methods and teaching materials
that are relevant and available, and the capacity of the pupil
category in question for independently coping with certain,
tasks. CMI presupposes a knowledge of what ought preferably
to be presented in the classroom together with other pupils
and what tasks are of a -more individualized nature. By all
accounts the CMI system constructed must be tailor-made to
suit the pupils and the instruction involved.

wIrAECoterizedmarld-oroicaewadliththeaidofacom-
puter_can_be seen as a tubsidiary-sector of_CMI,-This- form of
computerization-can-Irv:Sive-the administration of certain-tests
to-the- pupil. The computer_then registers the pupil's answers,
marks-them and works out the-score, On the_ basis-ot his answers,
the pupil is_given-a diagnosis_ of-his knowledge at a particular
moment. The test may be of a preliminary or_diagnostic-nature.

=

One-quite promising-ventureisthe so-called sequence testing
Whieh-has been-tried,outAtt F:orida_State_University. In_this
form-of testing the computer,-Iogranme takes into account not
only the answers_ previously given by the-pupil but also_the
degreeoteertainty and-knowledge exhibited by -him. The com--
puter-also registers-answering times _and_the-pupil,is offered

a certain test item in-the next_step based on hispreviaus-

- I

This=cah_mean that a pupil who answers very quickly or very
well is-given:a special test-itenh-It can also-mean that a

pupirwhoianswers_correctly-and rapidly allithe time is-given
a smaller-number of test items. In-this way the test stage or
test can be abbreviated. -This-sector should be amenable to
considerabredevelopment.:Sequence testing is -an extremely
interesting-Aspect of developmentS in the -field of computer-

assisted-instruction.

The eXperiments_ conducted -in- the --U.S.A . with- computer - based

Study and- vocational guidance_ have -above_ all been- aimed- at

maldngithe pupil mom motivated for-the question of -choosing

a career_ and at :the -mime tinie: giving _him A- real chance of _

independently:appraising___study:alterisativet and occupational

sectors,-It- has_also enabled -him to familiarize himself with
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more sectors than would be possible in the-time allotted to
conventional teaching. The results so far are promising.

Conclusion

The National Board of Education should encourage and initiate
research and development in this sector, especially as regards
computer based study and vocational-guidance. It is extremely-
difficult to keep the factual content of study and vocational
guidance-material up to date. It is also difficult to supply
all pupils promptly,with correct study and vocational guidance
information.

The proposed pilot survey should therefore be made to include
an inventory of current problems connected with computer-based
study and vocational guidance.

Summary: computer-assisted-instruction (CAI)

Of-all,-the subsidiary sectors considered in this Pilot Study
CAI has-involved the largest number of experiments and the
heaviest research commitment. Most of the grants awarded in
the U.S.A.-for computer -based experiments in the educational
sector havegone to CAI. In spite of the broad range of in-
vestment in research and development, many important problems
still remain to be solved. Thus,no computer equipment is at

--present available at a price whion'schools can afford.

One often hears-that the potential resources -of -the -computer

have not been fully harnessed in CAI-programmes. The programmes--1
-veloped for the computer-have_not differecLvery-much as

regarde'contnnt and disposition -from those already presented-
via- simple teaching machines. The- criticism formerly_ levelled
against programmed-instruction_ for-not being well-integrated-
with lther-activities-in-the subject-ocncerned-can also be
App:led-to-CAL The _importance-_ofavery_careful-choibecof
sections, items etc.-with_chara9teristies:randeringLthem
suitable for--presentation=and-Iearning-via-computers=hat_been

__Stressed- in-many:quarters.--

Nonetheless thera---is-every-reason for high hopes e.g. regarding
theCAIexperimentikincluded-in,ithe-:_PLATO:project at the
University-of-:1111nois.:Don Eitzer4.the-PLATO project leader,
has prodee&d.onithe assumption:thatCAIAor-aslieTterms-it__
OBI/Computer--EWsedithstruation)-cannot-be=utilized within the-
aducitionalsector-_untiI-a_radically_simpaei inexpensive-and-
relfowte vUpiliterminal:has beer=developed-.--Another positive

trend_-iS-thatlnany-realardhers-have now-realized the importance
ofia careful chdic-e--_of;puOiloategory;Aubjectand- subject
-section for- the application-Of --

Conclusidn-

Technically_speakihg-a-simplo_ and-inexpensive pupil terminal
with CAI screen and sound equipment-has- yet to biedevelopedi-

Pedagogically spetkiSuit_fstill-remairs_to,develop(AI programmes
utilitings=the :potential teaching resources of-the computer:
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3 Coputer education

The rearm why computer education has been broached in this
context !.n the first place is to be found in the possibilities
of combined utilization of computer equipment, systems and
software and the interchange of computer activities and computer
experience that could occur between co-later education and other

computer activities in school.

The rapid technical deV`elopment of mini-computers together with
greatly reduced prices (an annual reduction of between 25 and
50 per,cent Is said to be likely) makes it possible for computer

equipment to be used -for computer orientation e.g. in the tech-
nical line of upper secondary_ school. Inthis way a bridge can

be thrown between computer orientation and computer-managed
instruction, e.g. by _the utilization of the compdter as a

calculator or as an aid to simulation and gimes.

i 3.1 Computer training

At present computer training is vocationally oriented and takes

the form of a higher -specialized course for programmers -and
systems men. This course is-held at about fifteen upper secon-
dary schools._ This training is in _need of extension, in the

first instance so as to include real-time,techniques. 'This in .

turn _raiSes- the need -for terminals /mini - computers, for instruc-

tional purposes.-If such equipment Were_ tO_be acquired for .

upper secondary schools, computer _equipment could be shared

by the -various- data -activities occurring in schools. _

3.2 Computer_ orientation-

--

Purtsuant- to the letter of -30.6.71_ from the _King in Council i an
internal working party has been Set up at- the- National Board
of -Education -to -investigate the- appropriate -manner- in- which _

computer-_orientation can -be designed in comprehensive and upper
secondary schools. The -workint_party is also _to _arrange for the
compilation of syllabi: and- more-___detailed -instruotions for--the
-conduct of-computer-brientation. -Experimental _activities -will --

probably_ be proposed tOr `testing syllabi._

-The _experiences ,reported- bY--- Swedish- tichools Which_ have _Used

computer equipment-reveal that the-computer is--:_extremely
usef1.11-tor --Calculation tasks: and _simulation-- support -in -tech-

nical ,and_-voientific =-elbjects. -Experience=-__of the--use_ of __the

comp-iter --as- a calculator =in combination-__with computer =orien- _

".,Ion- will be- =derived -frOgiithe--_joint_ experimental--activity

begunAtaring -theTaut_umn th-cCity- of- :Stockholm- Educatcon-

Authority and the- National Board of -Education.

0,k

_
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4 The potential applications of the computer in
Schools - summary

So far only limited use has been made of computers and-com-
puter techniques in schools. Computers have been mostly
employed for purposes of school administration. Many school
districts in the U.S.A. have computerized the registration-
of teachers, other school personnel) pupils, merit reports
etc. In Sweden it is mainly municipal schools for adults
that have computerized certain registration tasks. Planning
and administration in schools today are in-great need of
rationaI-aids. There would appear to be good-prospects of
computers being used in school planning and administration
with a view to rationalization.

For some years now, computer-based information and documen-
tation systems (Iop systems) have been used in technology,
medicine and education in he U.S.A., Sweden and other
countries. The Swedish LIBRIS system contains the embryo of
ivcommon computer based information system for Swedish re-
search libraries.

The computer already plays a certain part in teaching as a
calculation id especially in the case of technical and
scientific subjects requiring extensive calculations. The
computer uJed as-a calculator is regarded in the U.S.A -as-
an indispensable aid in higher education. Compliter-supported
game:. and computer based simulation are another sector which
can display promising-results and which evinces-great develop-

ment possibilities. =

The computer used-as-an_educational support and control m dber
is thought-to offerhelp in-time- consuming administrative and
informative routines_whichiare often incumbent on teachers,
but-there are certain difficulties that-will have to-be over-,
come before the computer camplay a more_important part.

One-interesting__ sub=sectcr is study -and vocational-guidance,-
whererelatively_piomising results have been obtained using
computer-based systems. At present, using_ onventionai methods,
itis-diffroult to give all_ pupils correct study-and vocational--
guidance-information. Computer techniques may prove extremely
helpful in this respect.-

Most experiments _within-the DIS-_ sector' have been concerned
with _compUter-assiited: instruction_ _(CAI ) .- One frequent_ criticism

_ has -been that=_the- potential_ resources- of tile computer- have not

yet been harnessed : in -CAI:Arewattitudes -are_ icaihing ground,

however-,_ -and the- University of Illinois PLATO_ project,- among

others, -shoWt a certain amount -of- promise for the future.

--Aii=regardiFthe=teaching-rer-acimputer techniques (computer- in_

-itruotion), a-riewform=of=traininglinstruotion
_prograniMing)--is-needett-in_computer training. -This in turn
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calls among other things for terminal equipment. The prime
requisite for computer orientation in comprehensive school
and upper secondary school is syllabi and more detailed in-
structions concerning the organization of teaching. Access
to some form of computer equipment is also desirable, partic-
ularly in upper secondary schools.

6 Measures proposed

Computer techniques are developing at increasing speed. Com-
puter capacity,is increasing at the same time as apparatus
is becoming less bulky (mini-computers) and prices are falling
steeply. This trend will probably result in computers becoming
a standard item in the educational sector, within the near
future.

It ii-iherefore high time that the National Board of Education
began to grapple seriously with the problems which will fairly
soon arise when computer techniques begin to be harnessed on
a large scale for both administrative and educational purposes
in the school sector. Thereis already an urgent need for the
acc ation by the Board of a fund of knoW-how in readiness
for th -probably revolutionary changes that the increased use
of the omputer will entail.

Ten_years' American experience In_ the DIS_ sector with a -commit-
ment of several hundred million dollars -has failed to producie
the resu" that were hoped for. To a gm.nt extert this is
because -lopments have moved too quickly in relation to
technical et Lipment, costs, etc, -and because the -computer has

, been used in an_ excessively -conventional-maer, i.e. as an
aid, without utililing its _potential resiourceis and without-
applying it to the special tasks existing in schools and-the
educational sector._ I3ut the main cause would' seem to lie in

diffuse,_ unco,ordingited experiments- with no central body_ to -
co-ordinate the various projects.

The':-NatiOnal- Board of- Edueatiori; together with the two associ,-
ations of local authorities should therefore act on American
experiences AS .sopiLits....posiiible:by tackling the- entire -range
of= problems arising _when_.--efforts-are-- made- to utilize the: cola-
puter-_ for several different' purposes-in individual schools-
and types- of -Schools with- different sponsors_ which _can_ nonethe-
less -pool computer relources- and -_experiende. --The Board should
endeavour -to diredt: developments-11n --the -DIS -Sector and, to do:

-- 8a-together-with-the_ associations-of-lOcal -authorities,- Who
. for- obvi-ous -reasons -are bound to -be--the _main -interested:party

with- regard to = thelocal---,and regional data activities which
caw come into

Together with the_ -associationsiithe Board tihotild_-initiate, a
pilot proyide-_ -more: concrate=i-nyentory-ofi activities

-=in- school administration -and teaching -which .dan be successfully

.
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computerized. The pilot survey group which it is thus proposed
to set up should also investigate the practicability of model
experiments in a particular municipality. If such experiments
are deemed practicable, the project group should also compile
suggestions for experimental activities (model experiments).

The proposals put forward concerning an investigatioh of the
utilization of computers in the study and vocational gUidance
sector (see item 6.2) should be borne in mind and if possible
incorporated in the pilot survey.

Other measures may also be called for on the strength of the
pilot study.

As regards computer orientation, pursuant to a letter from the
King in Council dated 30.6.71, an internal working party has
been set up within the Nat'l:Him-1 Board of_Education mainly for
the purpose of drawing up_-_syliabi and more detailed instructions
regarding computer orientation in comprehensive school and upper
secondary school.

In this connection the DIS group feel that particular emphasis
should be placed on the following:

Consideration should be given to the possibility of pooling
computer-equipment.. In view of the exceedingly rapid pace of
technical development in -this sector, it is reasonable to -

suppose thai mini- computer equipment which is quite expensive
at present will come within the _course of_ a_few years tOloecupy
the same price alaSs as-electronic calculators today. Apart
from adMinistrative and purely instructional tasks,-it Should-
also-be possible to use the _Same-equipment for computer Orien-1
tation. It is extremely important, for-opportunities=for-poo114
computer resources in-schools and municipalities to- be--taken,

especially_ihrthe-early:_stages. The pilot survey proposed above
must therefore-be planned in such a way as to shed light on
theie matters.

One.oftheinajor problAms in:computer orientation concerns the
in-service_training se tor. At_present_both comprehensive school
and upper-seCondartschool teachersthave little knowledge of
computer-techniques and their =effects -and they must therefore
be given in-servicelqtraining On -the subject.-This-is-partiaIirly
trus_ofJhathematits, physics,Telectricity and civics teachers
in uppersecondary-gchooLlwho_n,ed to_be given comprehensive
ih,service_ ra ngtotini:-enable them to teach-their ,pupils-about

-
computer_techniquese-Sultatae in-service_training-material

ve to be_developed. The National Board of Education
should_ to -arrangeJor.the_ production-of-Computer-orientation
teachl materialS-which-can-be-Used-in -comprehensive-school-And-

.

upper seco
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6.1 The project "Computers in the School Municipality"

- draft project plan

Background

So far computers have been used experimentally in schools for
a host of different tasks. The following sectors of application
were enumerated in Pilot Study Report 2:

1. t The computer in administration and information

1.1 school administration

1.2

2. The computer in teaching

2.1 Computer-supportedinstruction

2.1.1 the computer as calculator - computer-supported
s4mulation

information-and documentation systems

2.1.2 as an educational support-and control member

2.2 / computer-assisted instruction (CAI) _

It-is emphasized in many connections that computer techniques
have been -found to_reqUire_heavy-personnel-and material invest-
ments. This fthould be a=Major consideration-within the school
seetOr4!=fory-compared -tb7i-firm or enterprise about to_introdude

-- computer based_systems4 echoolt-and-the edUcational:sector
present=whitfroM--the=-point_of-view--ofccomputer systems
rather complek structure. MoreoVer relatively little--experience
has:so:far been gained of -the use-of tomtuters-In schools.

One fundamental condition-for-the successful utilization
eomputersirt--theechool -sector would- therefore seem to be-a

catefully-study together-14th comprehensive-planning-of-the
sector in which it-is-propoSed-Ao introduce computer based
adminiatrativerar-inStructional:syktemshis study-should
also = include -an= investigation-of,the possibilities of computer

resources-used -in-eneu_sector-also'being-applied to another,
1:0_-of_bridging:the----gepsbetween-iectors.

-'1The-biait-ideizorbi4idging:the gapsimtWeen different sphores
of' application is an important item in thi proposals fo
experimental:activities-with "Computers -in_the School-Municipal-

---=

SUmnsan_vf-the motives-for-theitro4ect_---"Computire-in-'the
-

1 141ente--of the _-_adininistrative utilization --Of compute-

in a= suchool munitipalitT7is- of inuniO4.1:

itieg(4.61, -aentral---planhing-stitd]thformetio-h -as-

-1
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2. Experience of the computer as an aid to teaching, i.e. the
educational role of the computer (e.g. jointly-with the util-
ization of computers for administrative purposes) is of the
utmost central interest.

3. The introduction of computers in the school municipality
also has a bearing on information to teachers and pupils
regarding computer techniques. The National Board of Educa-
tion is increasing its commitments in the field of computer
studies or computer orientation. Experience of this imple-
mentation of computers will be of value to the entire DIS
sector.

4. A large'number of municipalities and computer firms have
expressed interest in taking part in projects in the DIS
sector. Projects conducted independently and without-any co-
ordination are liatae_to result in separate computer systems
which are not even partially susceptible of general application.
Great importance must be attached to-the initiation by the
National Board of Education, together with the_associations
of -local authorities, of- experiments leading to generally
-applicable solutions.

Aim of the project

The aim-of this pilot survey is_to dedide whether computer-
teLhniques can hell!, to -effectivize-and rationalize local
school-administration activities- and -also to determine which
routines-can profit by using-the-same or- -parts of the same.
computer :Capacity. These-may include_certain tasks of schodl-
administration,-e4p-teadher_and,pupil-registration, and- _ _

certain pedagogical activities, e.g.-Within the study and
-vocational gUidance sector (see _item 6.2),- computer-supported
simulation etc. The computer activities investigated should
be such as can-be Said to-be-of general interestTYpically
local elements Should be avoided.

A pilot survey due- totegin_duringthe spr.ng-of 1972- -will
-investigate the possibility of experimental activities to
-test the following-working-hypothesesf

The introduction of computer based systems will mean:

1. Better information retrieval for planning and administration

2. Greater efficiency_in school administration

3. Better resources for. the individualization:Of instruction
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Pilot survey

The pilot survey due to begin in the spring of 1972 will
investigate the conditions for the utilization of computers
in a model municipality (suitable population 70 000 -
100 000).

The aim of-this-pilot survey is

to describe problem sectors

to describe possible. rationalization measures

to-draw up a cost estimate:

-With a view to a possible implementation 'on a- larger. scale,
the model- experiment (main study) will also provide a basis
on which to decide, among other things

To what use the computer can be put by the Sehool municipal-
ity in school administration and-pedagogical administration.

a. The potential use JOT a mirii-compUter/terminal in school
and in the municipality.

3. The importance and value of access to a mint-computer/ter-
minal for computertraining and orientation in comprehensive
school and-upper secondary school.

4-. _The importance_ and :value of- access to -a -minicomputer/ter-
minal: for in- service =computer teachers-.-

Basic outline of the project
.

The- pilot =survey designed to- -investigate the possible- -use -of-
ceMpUters is being -- jointly conducted =

-by the-_-National--_Board of
Education -and the-__Eissodiationsi-of_locel Authorities. A special

- working =party, "the_c_---pilotf'survey-group7== is being -set--up
(composition -etc.. overleaf)-; -=-

One-- of the tasks Of- the_ pilot survey-will be to determine the
practicability =of 4- =model experiment in- the
such an__ experiment- is foundito_ be practicable,_ 1 -project_i
group -- will -go on-__te- draft A plan- Of --experimental,ActiVities
(model___exiierimentr). fAs-_the:insein7=study proceedt, further
decisions will be-is-uceessively-=taken _ concerning the- design
and_ -possible-, continuation -of-.the -experiment.



Rough time schedule

Pilot survey

Design of the experiment
(main study)

Commencement of model
experiment (on a limited
scale)

Model experiments (full
scale)

Revision of routines,
evaluation

Follow-up, final report;
decision

Project organization
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spring term 1972 - autumn term 1972

autumn term 1972 - spring tam 1973

autumn term 1973 --spring term 1974

autumn term 1974 - spring term 1975

autumn term 1975 - spring term 1976

autumn term. 1976.- spring term 1977

Thepilot survey is being conducted by a project group, "the

pilot survey group", comprising planning, systematization and
educational expertise. The pilot survey gFolipi-dbeing nomi-
mated by the National Board --of Education-together with the
associations of local authorities. The -work of the -131115e sur-

vey group will be directed and accounted for by' the DIS group
together with representatives of the associations of local
authorities and the National Office for Administrative Rational-
ization and Economy.

The Auestion of a new main study and a new project organization
will be-determined by the National Board of Education and the
associations of local authorities in the light of the results
of the pilot survey.

It is-important for the pilot survey group to take note of
activities- in the DIS sector which are in progress elsewhert
(e.g. at-the National Board of Education): Thus matters con--
cerning the use of computers for information retrieval e.g.
in central and local plannibg and administration come within
the. PLAN and INFO spheres 'of operations, so- that the work of
the pilot survey group should be made to tie in withsurVeys
- at present being conducted by- those working parties.

_Assuming-that _the_pilot survey- -group repo-mends a -main study

within--the:-sectoriczuidelines and4ore 'specific- directives--
for- a- model- eiperiment Will be drawm_up -by-- the DIS group -in
collaboration 'With ther-iassociat3 ono of -local authorities and

-the -:_Na+-4.onal _Officer_ for :Administrative -_ Rat ionitl izet ion -And-
Economy-. The = put forward proposals re=-- ------

garding-the--:coMposition-: of -a project group and steerin_g -commit

tee- tor,--the =main < study i-(model ;exrftrimentl.

Once=-practical operations- begin-to -be established in a large.-
number Of -_Schools,- -it -i-s_ of the utmost importance for the
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hardware to be sufficiently uniform to permit the use of the
same programme ware. A strict centralization of development
work and purchasing is thus called for. The National Board
of Education, the associations of local authorities and the
National Office for AdministrativeRationalization and Economy

-should be given a_deciding influence in this decision process.

At present only the costs of the pilot survey can be accounted
for. The pilot survey is expected to require about six months'
work.

Outside personnel:

school administrator
planning_ expert

systematization
expert-
study and vocational
guidance__ expert-
(see item- 6.2)

Lkp

travel-expenses

miscellaneous costs

6 personnel months x 7 000:- 42,000: -

6 personnel months x 7,000:- 42,000: -

6 personnel months x 7,000:- 42,000:-

4 personnel months x 6,000 24 000:-

150,000;-

36,000 -
186,000:-

10,000:-

15,000:-

Total Skr 211 000:-

6.2 The computer in study-and vocational JEuidance -
survey proposals

Background-

-One _of--theaims -of- the-study-And -1,16catiOnal-=gttidiutce-_-_(shorUneds
_

syol -programme__ is- to- give ;pupil-s.:allroundibbjectiVe---_ information-on
educational _OpPortunitiesi-sworkinglife-=and _the- labour---Markiit
and, to_---teach: them-to: make, _critical-fand=independent:use
inforniation?sin--ohoibe=-:sitliations=dUrint_their7s-ohbol-careers

and--_subsequently.:_=Thi-k Material--is-very--extentive- and-_-varied
An--characteri-and-cOnsiderable--pedagOgical_--problems_Sref:ericotin7
-teriedi-e i.g.--- in thetetching:=_of-_- decision-techniques. Efficient
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individualized instruction. in this context presupposes an.
abundances -of teaching and guidance time, often more than

is feasible in present-day conditions. This makes it natural to

consider whether the capacity of the computer for providing
immediate and comprehensive information in large quantities
and for presenting rectors of information in varied combina-
tions, could not be utilized by pupils, teachers and counsellors.
In the U.S.A. favourable experience has been gained of the use

of computers in the syo sector. We therefore propose that
closer consideration be given to the following project sugges-

tions. r---

-The computer-as an individual aid for information-concerning
work tasks and working conditions

One of the aims of vocational guidance in schools is to teach
pupils to locate, analyse-and assess information concerning
different occupations and educational opportunities in rekt. tion
to their own desires, interests and aptitudes. To this end
efforts are made to start with a discussion of different types

of work tasks ("occupational functions") occurring in_various
combinations in different occupations and of working environ-
ments end spheres of activity. See-e.g. Fb SYO 2b; "Choosing

for Yourself". This means among other things that pupils should
be actively trained in formulating individually rt,..i.evant, "search

questions" and making use of various kinds of careers informa-
tion. Different kinds of training booklets-and other teaching
materials are used for this purpose - see e.g. the work brochure.
"Teach Yourself to Choose Vocational Practice".

The source material containing the fi..cts used for this purpose

is very large and consists of many publications offering
differzat 1.1.nds of information and emanating from different
publishers. The basic= material consists of the Labour Market
Board's publications Swedish Occupational Cyclopaedia, Your
Job and Your Future, and Eno oyment Information together with
informative publications on educational and training opportu-
nities issued- oy the National Board of Edutation and other
organizations. Other kinds of material, e.g. from firms and
trade- organizations, are also- used. This/ means that information
retrieval cwhich is often conducted in -the- form-of group work,

can take -up a great deal of the pupils! time, in addition to
which teaching and the----above mentioned skill of-tformlating
meaningful "search questions" are- f)ound to be more illustrative

than comprehensive.

Accordingly -there may =be good grounds-for an investigation of_

the extent to= -which a. supplement tothe= -literature in the form-

of -computer ..based liiaterial-doull simplify-teaching by giving

-rapid== answers to pupils' ct-referendes-to

r---7---sources of -inforination:etc.-
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The computer material and-its utilization

Basically the computer material would be organized on the same
lines as in documentation work. The items would of course be
occupations and educational opportunities described by several
concepts, e.g. occupational function, sphere of activity,
working environment, educational level, labour market character-
istics. By formulating individual search questions in the con-
cepts included (variables) under the teacher'i guidance and
testing them (individually or in groups) in the computers,
pupils could rapidly otbain and compare different groups of
occupations and also obtain references for further information.

Anticipated effects

The use of computers could make for greater individualization
of instruction-to suit the interests and ability of the pupil
and it could also facilitate a more exhaustice presentation of-
material. It- =would also relieve the _teacher of a- great_ deal _of

-:-purS-fact collection- and-_material- handling4: thus enabling_ him
to _Concentrate- more_ on-__the_funciamental -task:of teaching__ pupils
how__to put their_qUestions regarding_ the choice7of_ studies and
occupations.i An :experiment in--this direction would result _in
a- general- increase _=-:iri-pedagogical__-knowledge-,- since it concerns
a concept -formationJearning-, whieft differt- somewhat_ from
"ordinary" tact -learning.--__ ---- r

=The computer _would= seem to be_ ftzr the most efficient aid
_for f a search-___process--of _thei-kind referred:to above. Reference
works_and-cther printed -=items Cannot-be grouped-with the
requisite_ number--of "entrances " _withoutte_coining- very unwieldy
in the:process., 411e-_ needle card- or:sight_ -hole card -registers-
nowi_generally--used as- office- aids=-Can:only _give referencesi:
not_ factual information _:apart---frori-whieh-_they soon =Near =out.- _

It should .be --noted in -,this -__Connection_ that Computer -applications,:
of this kind require An_ extensive- MeMory-__andc-dombination:_
capacity, -which -is_ exactly Wifat -the computer has to offer. _

Woiieldng

-An expert -is _being -nominated __to -collaborate:with -UA 3,__the DIS
group and-the--Labonr_ Market :Board'in--_studying_:(it is --suggested
'that- the study_ comprise two---stages)-_ and- submitting _pro-pi:oasis-
on -the subject as follows.

1. Development_ -and-_ definition of :the==goais7of-'7the: teaching-
conderned, _to :provide-4dpils_ with a=broad_ vieWt-of Working,
life free them -from_thez_"-individual_-_occupation =mentality"- ands
teach them to _ask- the--right- questions.

1

I
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2. Outline (in Consultation with the vocational guidance
bureau of the Labour Market Board) of the system of variables
with respect to the educational goal.

3. Outline of the pedagogical interaction of teacher, pupil
and computer together with an investigation and suggestion,

of a suitable form of data presentation.

Once items 1 - 3 have been completed, an assessment can be
made of the feasibility of experimental activities. If it is
found that experimental activities can_begin, planning of the
same can start with the following measures:

1. _a definition of the factual sector according to the type
of school, study alternative and level to which the experiment
should refer

2. the investigation and suggestion of solutions for

1. the establishment of a data base

2. choice of hardware, development of systems
_ _ware including search_progratmes-,

the cdinpiiatioh_of a cost estimate -for an initial experiment-3.

4. the compilation of guidelines-for possible experimental
activity,_ taking into account-updatihg_probleMs etc.

/ --

The survey should if possiblei)efoo=ordiniied With the _project
!tomputeminAhe School Municipality ".

Costs

1 expert x 4 months x Skr. 6,

travel

Skr 24,000--

4 000--
Pkr 2 000



94

SUMMARY of Pilot Study 2

Hitherto computers and computer technology have not been
utilized on any considerable scale in schools and the eduba-
tional sector. The capacity of the computer has, however,
been applied on an experimental basis to a variety of tasks.
The following sectors are covered by this report:

1. Computers in administration and information_

1.1 for school administration

1.2 in systems of information and documentation

2. The computer in teaching

2.1 ccmputer -supported teaching

2.2" computer-assisted instruction (CAI

3 Computerized teaching

Most of the experiments with computers and the application
of computer techniques described in the following report have
been conducted in the U.S.21,9 though a number- =of Swedish

experiments are also-included. (Reference- is made in certain
cases -to experiments described in earlier reports (pilot study
1 a.nd 'report on a study trip in the '-.S.A.). The summaries

giVen regarding each sector are based on all three reports.)

So far the commonest application of computers hEts been for
Purposes of school- administration. Many school districts in
the U.S.A. have computerizedtregisters of teachers, other
school personriel, pupils, merit reports etc. Clearly there
is' every possibility of computers being used for purposes of
rationalization within the contexts or'school planning and
school- administration.

,,Computerized information and documentation systems occur; in
technology,- medicine and pedagogics. The Swedish LIBRIS system
contains the embryo of a conmion information system for Swedish
research libraries.

The computer is already playing =a certain part as a ,calculator
e.g. in technical and scientific subjects where pupils -have to

work with complex mathematical quantities. Computer-aided
simulation techniques have been used with great success and__

"-_there would appear to be good possibilities of ftirther develop-
ment-within this sector.

_f-As _an--educational'r.support ;and control -organs __tie* computer is

_ regarded -as----a--pOtential aid in the time-o-onauming administrative

-and.--__informative -routines _Which-care often:incumbent_ on t eac hers.-
Thererare--hbrever-certain:liffidulties--Whichlwill hive- to_be_

overcome_ before -the -computer can play_ a More- significant part

in this context-Vne--iintereating etib-seotor As that of _comi,

-iptiterized-- studystudy and- voottional--- dance.-
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Most of the experiments in the DIS sector have employed
computer-assisted instruction (CAI). In spite of heavy invest-
ment, little success has been scored in the majority of cases
in utilizing the potentialities of the computer. A new attitude
is emerging, however, with regard to the development of software
utilizing the pedagogical resources which -ae computer can be
said to offer. Consequently there is every reason for a close
observation of developments in the CAI sector.

A new form of training (realtime programming) is needed for
the teaching of- computer techniques. Syllabi and fvrther___

training for teachers are the most urgent requireme. 1 for a

presentation of computer techniques in comprehensive school

and upper secondary-school.

Technical developments in the computer sector are moving fast,

particularly as regards so-called mini-computers. Prices are
falling rapidly, thus increasing the prospects of computers
being utilized by schools within the relatively near future.

Experience from the U.S.A. should be utilized by the National
Board of Education and the two associations of local authOri-
ties acting as soon as possible to gain an overall view of
the problems encountered when attempts are made to employ

computers for many different purposes in different schools
and types of schools whose various sponsors in many cases can
nonetheless pool their computer resources and experience.
Together with the associations of local authorities, the
National Board of Education should initiate a pilot survey to
obtain a more speCific inventory of activities in school
administration and teaching which can be successfully computer-
ized. The pilot survey group thus proposed should also investi-
gate the feasibility of a model experiment in a particular
municipality-If possible the pilot survey should also in-
corporate a proposal for an investigation of the utilization

by the DIS group of computers in study and vocational guidance.

As regards the presentation of computer techniques, the
National Board of Education, pursuant to a letter of 30.6.71
from the King in Council, has set up an internal study group
whose main task will be to compile syllabi for a suitable
presentation of computer techniques at comprehensive school
and upper secondary school levels. It is important ln Lh4s
context for due consideration to be given _to the possibilities
of pooling computer equipment. It is also highly important for
arrangements to be made as soon as possible for the further
training of comprehensive school and upper secondary school
teachers-and for the compilation of suitable further training

material.


